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Osteoporosis and associated fragility fractures are increasing in prevalence and they 
are costly both in terms of financial costs to the healthcare system and personal costs 
associated with reduced independence and quality of life for the individual. Lifestyle 
recommendations for the prevention of osteoporosis have previously been developed 
and include guidelines for consuming adequate dietary calcium, ensuring adequate 
levels of vitamin D, limiting alcohol intake, avoiding smoking and undertaking 
weight bearing physical activity. However, these recommendations are not 
universally taken up or adhered to.  
Previous research has reported a relationship between low health literacy and poor 
uptake of prevention behaviours in other chronic diseases; however, research 
regarding health literacy and prevention of osteoporosis is currently lacking. 
Thus, the overarching aim of this thesis was to investigate potential associations 
between health literacy in women and osteoporosis prevention.  
Methods 
Health literacy data were collected using the multidimensional Health Literacy 
Questionnaire (HLQ), for women participating in the Geelong Osteoporosis Study 
(GOS) from December 2014 to March 2016 and for women participating in the 11 
year follow-up of the Vitamin D in Pregnancy (VIP) Study from 2013 to 2016.  
Additional data regarding sociodemographic characteristics, osteoporosis prevention 




density (BMD)  criteria, were collected for women at the 15 year follow-up of the 
GOS from 2011 to 2014. Mothers in the VIP study also provided sociodemographic 
data and information regarding maternal and child osteoporosis prevention 
behaviours.  
Analyses were undertaken to determine if health literacy scores differed between: 
women who adhered to osteoporosis prevention recommendations compared to those 
who did not, women who correctly self-reported osteoporosis status compared to 
those who did not, and mothers of children who participated in activities which 
promoted bone health compared to mothers of children who did not.  
Analysis of variance was used to determine inter-group differences in health literacy 
scores, and effect sizes were calculated using Cohen’s D to determine the magnitude 
of differences between groups. Regression analyses were undertaken to investigate 
associations between health literacy and sociodemographic characteristics and to 
determine the relationship between sociodemographic characteristics, health literacy 
and osteoporosis prevention behaviours.  
Results 
In GOS women, lower health literacy scores were associated with older age, lower 
socioeconomic status (SES) and lower level of education. Additionally, lower health 
literacy scores were associated with inadequate dietary calcium intake, decreased 
physical activity levels and increased likelihood of smoking. Higher health literacy 
scores were associated with alcohol intakes above recommended levels, however, 
this association was attenuated by age and was likely explained by the inverse 




In older GOS women, lower health literacy scores were associated with a self-
reported osteoporosis status that did not match BMD diagnosis of osteoporosis with 
the majority of women self-reporting no osteoporosis despite having met criteria for 
a clinical diagnosis of osteoporosis.  
Finally, lower maternal health literacy was associated with decreased outdoor time 
but not calcium intake or screen time in children. For mothers, a trend was observed 
for a relationship lower health literacy and smoking but not dietary calcium or 
alcohol intake. 
Conclusion 
Together, these findings suggest that the health literacy of women may play a role in 
their ability to understand and adhere to osteoporosis recommendations, encourage 
behaviours that support bone health in their children, and recognise their own 
osteoporosis status. Health literacy should be a consideration in future initiatives to 
convey osteoporosis prevention recommendations to the wider community and in 
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ANOVA Analysis of Variance 
BMD  Bone Mineral Density 
BMI  Body Mass Index 
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Chapter One includes a narrative review which provides a background to the topic 
of osteoporosis and health literacy. This narrative review summarises the current 
published research in this field of enquiry while highlighting gaps in the literature 
and suggesting directions for future research. This chapter concludes with a list of 
aims for this thesis. 
Chapter Two gives an overview of the methods used throughout this thesis and 
describes the two study population groups included in this thesis as well as the main 
data collection tools used throughout the thesis. 
Chapter Three describes the health literacy profile of a group of women selected at 
random and participating in a longitudinal, population-based study. Associations 
between health literacy and a range of sociodemographic characteristics as well as 
lifestyle and anthropometric risk factors for chronic disease are investigated. 
Chapter Four is an original research article published in BMC Research Notes 
(2015), which presents the results of pre- and post-test evaluation of knowledge 
change associated with a community-based information event. The event is an 
example of a novel method of presenting osteoporosis lifestyle prevention 
recommendations to engage participants and present information in a way which is 
accessible to individuals with a range of health literacy skills. 
Chapter Five is a comment paper published in Journal of Nutrition and & Food 
Sciences (2016). This paper describes the importance of, and barriers to, achieving 




literacy plays in achieving adequate dietary calcium may help to improve future 
interventions aimed at increasing dietary calcium intakes.  
Chapter Six investigates associations between health literacy and the uptake of 
osteoporosis prevention recommendations in a longitudinal cohort study.  
Associations between Health Literacy Questionnaire (HLQ) scores and osteoporosis 
prevention behaviours including dietary calcium, alcohol intake, smoking and 
physical activity are presented and discussed. 
Chapter Seven investigates associations between health literacy and agreement 
between self-report of osteoporosis status compared to bone mineral density results. 
Differences in HLQ scores between women who correctly self-reported their 
osteoporosis status compared to women who were unaware of their osteoporosis 
status are presented and discussed. 
Chapter Eight is a letter to the editor published in Journal of Bone and Mineral 
Research (2016) in response to an editorial which detailed the poor uptake and 
adherence to osteoporosis medications. The letter suggests that health literacy is 
likely to play a major role in the ability of patients to make decisions about 
medication use and adhere to medication directives. 
Chapter Nine investigates associations between maternal health literacy and uptake 
of osteoporosis recommendations in both mothers and children.  
Chapter Ten brings together and discusses the main findings of the thesis as well as 
its strengths and limitations. Possible implications and future directions of this work 
are presented and the main findings of the thesis are briefly summarised in a 
conclusion
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Osteoporosis and associated fragility fractures are costly, with the prevalence of 
osteoporosis likely to double over the next 30 years. Lifestyle recommendations exist 
for building and maintaining healthy bone throughout life, in order to prevent 
osteoporosis. Furthermore, a wide range of pharmacological therapies are now 
available for the management of osteoporosis, where clinically indicated. However, 
prevention and management recommendations regarding osteoporosis are not 
universally understood, or implemented by individuals. While the reasons for this are 
likely to be multi-faceted and complex, evidence suggests that health literacy may 
play a key role in the ability of individuals to access, understand and use information 
related to osteoporosis. Some evidence exists to indicate that skills and abilities 
related to functional health literacy are likely to be important to the effective 
prevention and management of osteoporosis. However, further health literacy 
research using more recently developed multi-dimensional health literacy tools is 
required to understand the health literacy strengths and weaknesses of populations 
and how they may affect the prevention and management of osteoporosis. This 
information would assist in addressing health literacy barriers in order to improve 
uptake of prevention messages and management recommendations.  
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Background 
Data from the 2010 Global Burden of Disease Study identifies osteoporosis, 
characterised by low bone mineral density (BMD), as a growing global health burden 
[1]. Bone mass is accrued during early life, peaks during adolescence and declines 
throughout the adult years [2]. The micro-architectural deterioration of bone tissue 
and BMD T-scores less than 2.5 SD below the young normal adult mean [3], as 
measured by dual energy x-ray absorptiometry (DXA),  increases susceptibility to 
fracture [4]. Low BMD was attributed with 188 000 deaths and 5 216 000 disability 
adjusted life years (DALYs) in 2010 [1]. Globally, the number of people at risk of 
osteoporotic fracture is estimated to double over the next 30 years, rising from 157 
million to 319 million by 2040 [5]. While population level screening is not 
justifiable, DXA scans are recommended for individuals who show specific risk 
factors for osteoporotic fracture including early menopause, long-term use of 
corticosteroids or prior fragility fracture [4]. Due to the higher prevalence of 
osteoporosis and fragility fracture associated with advancing age [1,5,6], a number of 
country-specific guidelines also recommend DXA scans for older individuals, 
usually aged 70 or over [2,7,8]. 
Osteoporosis prevention strategies and guidelines have been developed across the 
different regions of the world, and are broadly consistent in their recommendations 
[2,9–13]. As osteoporosis prevention guidelines share many commonalities with 
recommendations for the maintenance of general health, particularly with regards to 
nutrition, alcohol consumption and smoking, it could be assumed that the often 
widely-available recommendations would be easily understood by the general 
population. However, research has shown poor knowledge regarding osteoporosis 
prevention in a variety of different populations [14].  
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For individuals who show certain risk factors for osteoporosis, undergoing a DXA 
scan and potentially treatment are recommended in addition to lifestyle prevention 
measures [8]. Currently, the uptake of DXA scans by at-risk individuals, and 
adherence to prescribed osteoporosis management directives, is less than optimal 
[15,16]. Although unknown, the reasons for low levels of osteoporosis knowledge, 
uptake of DXA scans and adherence to treatment are numerous and complex; indeed, 
the health literacy of individuals is likely to play an important role in both prevention 
and management. 
Health literacy is an evolving concept that is gaining increasing attention in the 
public health sphere, especially given the important role it plays in influencing health 
behaviours associated with a wide range of health conditions [17,18]. The World 
Health Organization describes health literacy as not only the skills involved in 
accessing health information but also the abilities and motivation required to 
understand and apply health information in managing health [19]. Early health 
literacy tools including the Newest Vital Sign (NVS) [20] Test Of Functional Health 
Literacy in Adults (TOFHLA) [21] and the Rapid Estimate of Adult Literacy in 
Medicine (REALM) [22] failed to measure the broad set of skills identified by the 
World Health Organization. Instead, these early tools focussed on a narrow set of 
health-related literacy and/or numeracy abilities that are often referred to as 
functional health literacy [23]. Despite the limitations of early tools used to measure 
health literacy, previous research regarding health literacy and health outcomes does 
suggest a possible relationship between functional health literacy and a range of 
health outcomes. This research indicates that undertaking preventive and 
management tasks appear more difficult for those with poorer functional health 
literacy [24,25]. In the field of functional health literacy, very little evidence is 
available that specifically relates to osteoporosis. More recently, a number of multi-
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dimensional health literacy tools have been developed that aim to measure multiple 
aspects of health literacy, enabling the development of more comprehensive 
interventions [26]. However, these tools are relatively new, and as such very little 
research has been published using these measures, particularly in the area of 
osteoporosis.  
The advancements in the measurement of health literacy creates opportunities to 
explore the effect of a broad range of health literacy skills on the prevention and 
management of osteoporosis across the lifespan. This information would help to 
inform future interventions to improve bone health outcomes.  
In order to inform future work, here we present a narrative synthesis of currently 
available evidence: our narrative format enables a discussion of highly 
heterogeneous studies, and identifies gaps in a relatively nascent area of research 
[27,28].  
This narrative review will collate and discuss the influence of health literacy on 
osteoporosis prevention and/or management behaviours at different stages across the 
lifespan and from this narrative synthesis, suggest directions for future work.   
 
Health literacy and osteoporosis across the lifespan 
Maternal influence on child bone health 
There is a growing body of evidence that suggests the risk of poor health outcomes 
associated with advancing age is partly attributable to the environment in utero; 
osteoporosis and associated increased risk of fracture is unlikely to be an exception 
[29–31].  Maternal lifestyle factors, such as inadequate diet and low vitamin D levels 
during pregnancy, have been associated with poorer bone health in neonates, and 
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observed during early childhood and into adulthood [29].  Furthermore, an increasing 
evidence-base suggests that epigenetic mechanisms may transduce early life 
exposures into future disease risk [30,32]. Such epigenetic changes are suggested to 
be stable, and thus the effects may be trans-generational [32], further emphasising 
the necessity to optimise maternal health during pregnancy to reduce the risk of 
disease in future generations.  
Prevention guidelines highlight the necessity for lifestyle prevention across all ages, 
with particular emphasis placed on bone deposition in early life [2,11,12]. For this 
reason it is important to recognise the role maternal knowledge and health 
behaviours may play in to influencing offspring bone health as the child grows, 
through health-related decision making for the child and modelling of health 
behaviours [33,34]. While it is possible that maternal health literacy plays a role in 
child bone health by influencing maternal knowledge and health behaviours, there is 
currently a lack of research in this area. This reflects a wider problem with very little 
research being undertaken into parental health literacy and its impact on child health 
overall. There is some evidence to suggest that parents with poorer literacy skills (as 
opposed to health literacy), or suboptimal functional health literacy, struggle to 
perform basic health-related tasks for their children [35,36] This is particularly true 
for parents from low socio-economic status (SES), culturally and linguistically 
diverse (CALD) populations, or other disadvantaged or minority backgrounds 
[36,37]. While this may point to an issue with comprehension of written information 
in these groups, a greater understanding of the complexity and multi-faceted 
elements of health literacy may illuminate alternate pathways for knowledge 
translation in parents with poorer literacy skills.  
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Our current understanding of the link between basic literacy skills and child health 
outcomes is not sufficient to support parents in promoting offspring bone health. A 
greater understanding of the impact of a wide range of parental health literacy 
abilities on child health is required. This applies equally to overall child health but is 
particularly important in relation to bone health as bone mass acquired throughout 
early life is necessary to protect against osteoporosis later in life [38].  
 
Child, adolescent and young adult bone health 
As children grow older and develop their independence, ideally they begin to 
understand the importance of maintaining good health, and gradually take control 
over their health-related choices: these changes often occur during critical periods of 
growth and development [39]. For osteoporosis, these behaviours are particularly 
important throughout younger years [2], as peak bone mass (and thus the foundation 
for bone health later in life) is reached during early adulthood [40].  
Due to the latent development of osteoporosis, and its asymptomatic nature prior to a 
fracture occurring, osteoporosis is likely to have low salience for adolescents; thus 
prevention is unlikely to be of interest to, or a priority for, individuals in this age 
group. Indeed, previous research has shown that knowledge about osteoporosis and 
preventive behaviours is limited in adolescents [41–44]. However, public health 
messages regarding the prevention of osteoporosis during this stage of life have 
commonalities with highly relevant messages regarding the maintenance of general 
health in this age group. These include; (i) regular physical activity to reduce the risk 
of physical and mental illness [45], (ii) smoking avoidance or cessation for general 
health,  (iii) avoiding the consumption of alcohol or reducing alcohol intake for 
injury prevention [46,47] and (iv) the consumption of a varied diet that includes 
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calcium rich foods for obesity prevention and general wellbeing [48–50]. 
Understanding and implementing these behavioural messages requires the individual 
to possess a range of health literacy skills, thus the development of high-level health 
literacy abilities during childhood and adolescence is likely to be beneficial to health 
in adolescence, as well as providing a basis for adult health literacy [51]. To date, 
there has been little research undertaken with a specific focus on adolescent health 
literacy and bone health; however, a study Hill et al [52] included adolescents aged 
≥15yrs in their investigation of health literacy and osteoporosis in adults. As data 
were combined for all ages, it is difficult to draw any conclusions regarding 
osteoporosis and adolescent health literacy. 
The adolescent age group offers some unique opportunities for health literacy 
interventions. For instance, schools may provide a convenient capture of the target 
group, whilst the high uptake of online and social media in this group may enable 
more pathways for wider communication of health literacy education [39,53]. A 
2011 review showed positive results for school-based intervention studies that aimed 
to increase adolescent health literacy; however, some caution is required in 
interpreting those findings [54]. Given that very few health literacy interventions had 
been undertaken with an adolescent population, only three studies were available to 
be included in that review. In addition, the tools used to measure health literacy in 
the adolescent populations were heterogonous with regards to the skills and abilities 
assessed: the studies used unidimensional functional health literacy tools including 
the TOFHLA and the REALM-teen [54]. Furthermore, the interventions employed 
were not specific to osteoporosis prevention or bone health-related outcomes, thus 
the effect of those interventions on the uptake of osteoporosis prevention messages in 
this age group remain unknown. 
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The common problem in determining health literacy levels across all life stages is 
that tools vary greatly with regards to the underlying constructs measured [55]. 
However, there is a severe lack of tools available to measure health literacy in 
childhood and adolescence. Thus, there are even fewer options to employ when 
attempting to understand health literacy in younger populations [51], whether this be 
for bone related outcomes or other health states. The scarcity of tools tailored to 
younger age groups is likely due to a lack of clear definitions as to what health 
literacy means for younger populations, and whether the purpose of those tools is to 
assist children and adolescents to manage their own health, to build a basis for adult 
health literacy, or both [51].  
Development of a definition of and utility for health literacy in childhood and 
adolescence is essential in order to form a basis for the development of age- and 
population-appropriate tools [51]. Research undertaken using age appropriate, multi-
dimensional tools to measure health literacy will enable us to develop a greater 
understanding of health literacy strengths and weaknesses in younger populations 
and understand the influence of health literacy on bone related health behaviours. 
This will in turn aid in the development of appropriate interventions to improve 
health literacy and uptake of osteoporosis prevention guidelines in this age group 
[39,51]. 
Prevention of osteoporosis in adult populations 
As discussed with regards to the adolescent population, primary prevention strategies 
for maintaining bone health throughout adulthood are similar to those for many other 
lifestyle related health conditions.  The avoidance of smoking is advocated for the 
prevention of many health conditions, and similarly applies to the prevention of 
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osteoporosis. Limiting alcohol intake is also advocated for bone health, although 
guidelines disagree as to the level of alcohol consumption considered low risk [56]. 
The consumption of calcium rich foods is incorporated in dietary guidelines 
recommended for promoting health [57] and regular physical activity across the 
lifespan is also recommended for general health [58]. However, the building and 
maintenance of strong bone requires weight bearing or resistance-based physical 
activity [2]; activity types that are not specifically advocated in all physical activity 
guidelines. Finally, adequate vitamin D exposure, gained from exposure to sunlight, 
has a strong association with good bone health, as well as playing a key role in the 
prevention of many other chronic health conditions [59].  
Understanding primary prevention messages and implementing them for the 
maintenance of bone health requires a range of health literacy skills. Given this, it is 
not surprising that population subgroups with the lowest levels of health literacy are 
most likely to have the poorest bone health. As discussed, socioeconomic, cultural 
and language barriers and advancing age are associated with less than optimal health 
literacy (measured by both unidimensional and multidimensional health literacy 
tools) [37,60–62], and also with poorer bone health [63–65]. From this we may 
speculate that health literacy could be a mediating influence in the role each of these 
factors play in osteoporosis preventive behaviours in these group [66]. However, 
currently available research on health literacy and osteoporosis focuses on bone 
health outcomes such as osteoporosis or fracture. In order to intervene and prevent 
the development of osteoporosis, research is required to understand the role health 
literacy plays in not only knowledge of lifestyle guidelines for the prevention of 
osteoporosis but implementation of those guidelines in daily life. 
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Of the available literature investigating adult populations, many combine 
osteoporosis with other musculoskeletal conditions, thus making it difficult to 
discern the associations between health literacy and osteoporosis per se. For 
example, a review by Loke et al [67] identified  five studies that used uni-
dimensional health literacy tools to assess the impact of health literacy on 
musculoskeletal conditions and reported no significant association between health 
literacy and musculoskeletal disorders overall. Furthermore, the five studies used 
different health literacy tools that were heterogeneous with regards to the underlying 
constructs measured, and in the cut-off points used to estimate ‘low’ health literacy 
[68]. Conversely, a more recent example from Friis et al [69], showed a relationship 
between self-reported musculoskeletal disorders and two different aspects of health 
literacy as measured by two scales from a multi-dimensional health literacy tool in a 
population of 29,473 Danish adults (mean age=52.1years, female=50.6%). This 
study found those who self-reported musculoskeletal disorders had poorer ability to 
understand health information and engage with healthcare providers than the general 
population. Similar to Loke et al [67] , Friis et al [69] did not break down the 
category of musculoskeletal disorders to show data for osteoporosis alone, thus, it is 
difficult to determine from this research if health literacy plays any role in the onset 
and/or management of osteoporosis specifically. 
A publication by Hill et al [52] that distinguished between different musculoskeletal 
conditions, found that 70% of individuals from a population-based sample of 
Australian adults (≥15 years, female 51.8%) who self-reported osteoporosis had 
inadequate functional health literacy as measured by the NVS, whilst a lower 
proportion of those with arthritis or gout had inadequate levels of functional health 
literacy (50%). These findings indicate that by combining all musculoskeletal 
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conditions, researchers may not obtain a clear picture of the different ways that 
functional health literacy is impacting on specific musculoskeletal conditions.  
In efforts to enhance pre-existing uni-dimensional measures of health literacy, 
Rosenbaum et al [70] created the Literacy in Musculoskeletal Problems (LiMP) 
questionnaire to determine ‘the degree of inadequate musculoskeletal health 
literacy’. However, the LiMP questionnaire measures a narrow skill set, as it was 
designed to specifically evaluate knowledge of anatomy, terminology, diagnosis and 
treatment in musculoskeletal conditions. Furthermore, the analyses undertaken by 
Rosenbaum et al [70] combined all patients regardless of type of musculoskeletal 
condition, thus introducing a similar methodological problem as Loke et al [67] and 
Friis et al [69]. While it is important for clinicians to be aware that patient knowledge 
of musculoskeletal conditions may be limited when they are communicating essential 
health information, the LiMP tool reveals very little about the health literacy of a 
patient. A questionnaire such as this is likely to underestimate the abilities of newly 
diagnosed patients who may have the skills to find and use information in other 
contexts, but as yet have not needed to seek out anything relating to musculoskeletal 
disorders specifically. Conversely, the LiMP [71] is likely to overestimate the 
abilities of patients who understand terminology and treatments but face other 
barriers to taking up medical advice such as poor understanding of the need for 
treatment or a lack of social support for continued adherence to medical advice at 
home.   
Taking these studies in context, the use of multi-dimensional measures of health 
literacy and research designs that differentiate between specific types of 
musculoskeletal disorders would assist in understanding associations between 
different health literacy skills and bone health outcomes. That level of information 
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would inform investigations regarding impact of health literacy on the prevention 
and management of different musculoskeletal conditions which may be symptomatic 
or asymptomatic, affect different age groups or require vastly different treatments. 
 
Management of osteoporosis in older adults 
Older populations, specifically women aged over 65 and men aged over 70, have the 
highest prevalence of osteoporosis, and are arguably the most likely to benefit from 
undergoing DXA scans and treatment, where clinically indicated [8]. Older 
populations are more likely to benefit from clinical intervention for their bone health, 
and are thus distinct from younger populations who may be more likely to benefit 
from lifestyle modifications that promote bone acquisition in early life and maintain 
bone over the life course. In addition, socio-economically disadvantaged older adults 
may be at greater risk of fragility fracture with a socioeconomic gradient of fragility 
fracture has been shown in some [63,72,73], but not all studies[74,75]. 
DXA scans are, in some countries, heavily subsidised for individuals at greatest risk 
of fragility fracture, particularly older populations [2,7,8]. However, those at greatest 
risk of fragility fracture do not always undertake practitioner recommended DXA 
scans and cost is not the only barrier. A recent systematic review [15] concluded 
there is evidence to suggest a relationship between lower SES and/or educational 
attainment and a reduced uptake of DXA scans. The authors reported that those of 
greatest social disadvantage were less likely to undergo DXA scans, even when there 
was no out-of-pocket cost to the patient. It may be that those populations at higher 
risk of suffering from a fragility fracture [63,76] are unaware that they have 
osteoporosis due to poorer uptake of DXA scans. Poorer uptake in disadvantaged 
population groups could potentially be attributable to poorer functional health 
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literacy related to lower education levels, for example being unable to read and 
understand information on the availability of no-cost DXA scans. However, this is 
likely an over-simplification of the relationship between health literacy and social 
disadvantage. Disadvantaged populations are likely to face a range of barriers in 
accessing DXA scans beyond basic knowledge such as financial barriers associated 
with attending appointments (transport costs, time taken from work) as well as 
geographic barriers (where is the closest DXA scanner) and cultural barriers 
associated with accessing healthcare. Recognising these barrier and identifying 
methods to overcome them requires more complex ‘critical health literacy’ abilities 
that are not measured by unidimensional health literacy tools. The use of 
multidimensional health literacy tools is likely to assist in understanding the broader 
health literacy abilities and supports required to undertake DXA scans and thus direct 
future interventions to engage populations at greatest risk in this particular form of 
preventive health care.  
For individuals who do undertake DXA scans, it is important they are able to 
comprehend what the practitioner tells them about their results so as to understand 
the imperative to adhere to management plans [16]. There is evidence to suggest that 
DXA results may be poorly understood, with a population-based study (mean age 
58.6yrs, 51.8% male) demonstrating only 36% of participants with a BMD in the 
osteoporotic range self-reported having osteoporosis [77]. Medication adherence is 
also a well-documented issue for those with osteoporosis; it is estimated that between 
30-50% of patients do not continue to take medications as recommended[78]. Health 
literacy may play a role in those who do and do not undergo DXA scans, and take up 
or adhere to treatments. As mentioned previously, individuals with lower functional 
health literacy have been shown to be less likely to undergo DXA scanning and/or to 
adhere to medications for other chronic conditions. Given the difficulty in supporting 
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individuals with lower health literacy to manage symptomatic conditions such as 
diabetes mellitus and cardiovascular disease, the challenge is likely to be even 
greater for a silent condition such as osteoporosis [79].  
Similar to younger ages, few data exist regarding health literacy and osteoporosis in 
older adults.  Of the studies available, and compared to younger populations, older 
adults were reported to have lower general health literacy scores as measured by the 
NVS or the TOFHLA, although achieved higher health literacy scores when 
measured by the REALM [68]. This discrepancy may be explained by understanding 
that the REALM only determines whether an individual can read and pronounce a set 
of health related words, including the word ‘osteoporosis’; however, that ability is 
not connected with understanding of the disease[80].  
While we may expect that knowledge accumulation over time would result in older 
populations acquiring health literacy skills, the number of comorbidities a person 
must manage is also likely to increase with age [81], thus creating greater health 
literacy needs and complexity in self-management of diseases. Individuals are also 
more likely to experience cognitive impairment in later years [82], which has been 
shown to be strongly associated with functional health literacy in one study [83], 
although further research is required to understand the impact of cognitive 
impairment on a broader range of health literacy skills and abilities. Due to the 
complex care needs of older adults, it is particularly important that individuals in this 
age group have a set of core health literacy skills that can be broadly applied to a 
range of different conditions. It is equally important that healthcare providers are 
equipped with the skills and knowledge required to assist patients who face greater 
health literacy barriers. For this reason, the use of multi-dimensional health literacy 
tools, which explore a range of health literacy abilities applicable to a wide variety of 
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health challenges, is particularly pertinent: this knowledge will identify where to 
intervene to address health literacy barriers for better health-related outcomes. 
 
Strengths and limitations 
This narrative review summarises and discusses the current evidence available 
regarding health literacy and the prevention and management of osteoporosis across 
all life stages. Whilst our review discusses and contrasts much of the existing 
literacy, we acknowledge that our narrative review is not exhaustive. In addition, 
given that health literacy in the field of osteoporosis is a relatively nascent area of 
enquiry, care should be taken in drawing conclusions from this review. The 
information gained from health literacy research into other chronic conditions 
suggests an important role for health literacy in osteoporosis prevention and 
management. However, the asymptomatic nature of osteoporosis presents unique 
challenges in promoting, and increasing the uptake of prevention messages; thus the 
complex relationship between osteoporosis and health literacy is therefore likely to 
present unique challenges. 
 
Implications 
This review has highlighted the potential role health literacy may play in determining 
bone health across the lifespan and therefore likelihood of fracture in later life. 
Figure 1 illustrates the proposed relationship between health literacy and bone health 
throughout life. However, there is currently a paucity of research regarding health 
literacy and bone health, therefore, this review has highlighted areas for future work 
across a range of age groups. One common theme throughout this review is the need 
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for research that uses comparable multi-dimensional health literacy tools to 
understand the role of health literacy in osteoporosis prevention and/or management 
throughout life. Recommended research directions are listed in Table 1. 
 
Conclusion 
Osteoporosis and resultant fragility fracture are a costly and growing issue globally, 
thus, effective prevention and management is essential. However, there appears low 
uptake of prevention messages across different stages of life, and in those with 
osteoporosis, management directives are poorly adhered to.  Although the evidence-
base is limited, there is a suggestion for a relationship between health literacy and the 
ability of individuals to prevent and manage osteoporosis. Future research should use 
the more recently developed multi-dimensional measures of health literacy, so as to 
better understand the range of health literacy abilities required for the prevention 
and/or management of osteoporosis across the lifespan. This advancement in 
knowledge would enhance the ability of public health organisations and clinicians to 
tailor health communications and interventions toward addressing the health literacy 
barriers faced by populations in preventing or managing their osteoporosis. 
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Figure 1: The roles health literacy may play across the lifespan in determining fracture outcomes in later life 




Table 1: Directions for future research in health literacy and osteoporosis 
Life stage Directions for future research 
Maternal influence on 
child bone health 
Develop the evidence base regarding parental health literacy beyond the influence of basic literacy skills on child health. 
Understand the role of parental health literacy on offspring bone development through intrauterine development, decision 
making for the offspring during early childhood and role modelling of health behaviours. 
Child, adolescent and 
young adult bone health 
Identify a clear definition of what health literacy means in the adolescent population. 
Creation of age-appropriate multidimensional health literacy tools 
Develop an evidence base for health literacy in this age group on which future interventions may be built, including 
interventions to support bone development. 
Prevention of osteoporosis 
in adult populations 
Understand the impact of health literacy on the uptake of lifestyle guidelines for the prevention of osteoporosis, so as to 
intervene and potentially reduce the prevalence of osteoporosis. 
Undertake health literacy research that differentiates between different musculoskeletal outcomes. 
Osteoporosis management 
in older adults 
Use of multi-dimensional health literacy tools to understand how best to address health literacy barriers and support older 
populations in managing a range of comorbidities, including osteoporosis. 



















The previous section identified a number of areas for future research regarding 
osteoporosis prevention across the lifespan. This research aims to address the 
substantial gaps in knowledge, as outlined in Table 1 of the previous narrative review, 
by investigating the role health literacy plays in the maternal influence on child bone 
health, the prevention of osteoporosis in adult women and also osteoporosis 
management in older women, in particular the ability to understand an osteoporosis 
diagnosis.  
Specifically this thesis aims to: 
1. Describe the health literacy of a randomly-selected, population-based sample 
of women and investigate associations between health literacy and 
sociodemographic characteristics in this group. 
2. Investigate associations between health literacy and osteoporosis prevention 
behaviours in a randomly-selected, population-based sample of women. 
3. Examine associations between health literacy and self-reported osteoporosis 
status compared to clinical diagnosis.  
4. Provide a lifespan perspective on health literacy and bone health by 
investigating potential links between maternal health literacy profiles and bone 
promoting behaviours in children.  
The overall objective of this thesis is to contribute to an evidence base informing the 
way osteoporosis recommendations are translated to the wider community. 
 









Chapter Two: Methods 




This chapter provides an overview of the two study populations and related data 
investigated in this thesis, and a description of the measurement tool used to collect 
health literacy data from these populations. Detailed descriptions of sample sizes, 
and analyses undertaken for each chapter are given within the methods section of 
individual chapters.   
2.1 Health Literacy Questionnaire (HLQ) 
The HLQ was self-completed by both women participating in the GOS and mothers 
participating in the 11 year follow-up of the VIP study. 
The multidimensional Health Literacy Questionnaire (HLQ) (1) was developed to 
address limitations of previous health literacy measurement tools by encompassing all 
aspects of health literacy including individual abilities as well as the health literacy 
environment, including the accessibility of resources and healthcare.  
The concepts of health literacy to be covered by the HLQ were generated in 
consultation with health experts and patients. Concepts were arranged into ‘domains’ 
with concepts that were similar or overlapped grouped together. Items were developed 
to measure each of the domains and cover the wide spectrum of health literacy skills. 
A final review of items was undertaken by health experts before testing within a 
population based sample of individuals. Poorly performing items were removed with 
the remaining 44 items tested for reliability, readability and psychometric weakness 
(40). Each of the 44 items is a statement based around one of these nine constructs and 
is accompanied by one of two scales; the 4-item ‘strongly disagree’ to ‘strongly agree’ 
scale or the 5 item ‘cannot do’ to ‘very easy’ scale.  
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The domains included within the HLQ were;  
1. Feeling understood and supported by healthcare providers  
2. Having sufficient information to manage my health 
3. Actively managing my health 
4. Social support for health 
5. Appraisal of health information 
6. Ability to actively engage with healthcare providers 
7. Navigating the healthcare system 
8. Ability to find good health information 
9. Understanding health information well enough to know what to do 
The HLQ enables researchers to identify health literacy strengths and weaknesses at 
an individual, group or population level, thereby revealing in which areas that 
individual, group or population requires additional support. Identifying group profiles 
regarding health literacy better enables the targeting of interventions whether they 
occur at individual, group or at the population level, an ability that is lacking in 
currently widely used health literacy measurement tools. The HLQ has recently been 
successfully used in nine pilot sites across Victoria in order to identify the health 
literacy needs of their service users to inform the design and implementation 
interventions specifically tailored to address the health literacy needs of their service 
users (2).  
 




2.2 The Geelong Osteoporosis Study (GOS) 
The main study utilised throughout this project is Geelong Osteoporosis Study 
(GOS), an ongoing population-based cohort study involving more than 3,000 
randomly-recruited adults (3). Using an age-stratified sampling technique, men and 
women resident in the Barwon Statistical Division were recruited using 
Commonwealth electoral rolls.  A cohort of 1494 women were recruited in 1993-7 
(77.1% participation) and participants have been assessed at baseline, 2-, 4-, 6- 8-, 
10- and 15-year follow-ups. A new cohort of women (n=246) aged 20-29 years were 
additionally recruited at the 10 year follow-up of the original cohort and also 
participated in the 15 year follow-up. All GOS data included in this thesis were 
collected as part of the 15 year follow-up, with the exception of health literacy data 
which were collected after the completion of the 15 year follow-up undertaken from 
2011 to 2014. Details of participation at all follow-ups have previously been 
published (3–5).  
2.2.1 Participant Recruitment 
All women enrolled in the GOS in December 2014 were invited to complete the 
HLQ either in paper version, or electronically, regardless of whether they had 
participated at 15 year follow-up. Of those women invited to complete the HLQ 713 
women returned at least partial HLQ data, with details of participation numbers, 
including reasons for declining participation are outlined in Figure 2.1 




1494 Women at 
baseline 
246 Women aged 
20-29 added to 
cohort 
945 Women eligible 
for inclusion 




430 women died 
85 Left region 
2 Unable to consent 
278 Unable to be 
122 Personal reasons 
12 Time restraints 
74 Too old 
22 Illness 
2 Language barrier 
Figure 2.1: Participation details for the HLQ component of the GOS 
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2.3 GOS Questionnaire Data   
A complete list of questionnaire data collected as part of the GOS has previously been 
published (3). This thesis includes questionnaire data collected at 15 year follow-up 
pertaining to diet, physical activity, smoking and osteoporosis status.  
2.3.1 Assessment of Dietary Calcium and Alcohol Intakes 
Dietary calcium and alcohol intakes were ascertained by Food Frequency 
Questionnaire (FFQ) previously developed by the Anti-Cancer Council of Victoria (6). 
The FFQ includes 112-items and asks participants to report how frequently they 
consume 74 different types of food and 6 types of alcoholic beverages on a 10 point 
scale. Participants are also asked to report the total number of standard drinks 
consumed usually in a day, as well as the maximum number of standard drinks 
consumed in a 24 hour period. Data provided on the FFQ are used to calculate 
estimates of daily nutrient intakes and average number of standard drinks consumed 
per day. Estimates of dietary calcium intakes from FFQs were categorised as adequate 
or inadequate using National Health and Medical Research Council (NHMRC) 
Recommended Dietary Intakes (RDIs) for calcium of:  ≥1000mg for women aged 19-
50 years old, and ≥1300mg for women aged ≥ 51 years old (7). Similarly average 
alcohol intakes were categorised as within or exceeding NHMRC recommendations 
for alcohol intake of no more than two standard drinks per day (8).  
2.3.2 Assessment of Physical Activity 
Physical activity levels were self-reported in two ways; a six level mobility question 
and age-specific questionnaires which produce scores for three categories of physical 
activity (9,10).  
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The mobility questionnaire asked participants to identify their usual activity level as 
one of seven different levels; 





6. Chair or bedridden 
7. Bedfast 
This variable was dichotomised  for analysis with levels 1 and 2 considered to be 
active and levels 3-7 considered sedentary.   
From age-specific self-report questionnaires individual scores for physical activity 
were ascertained for three different types of physical activity: work/house work, sport 
and leisure. Details of these questionnaires have been published previously (9,10) and 
a more detailed description is provided in Chapter 6.  Participants were categorised as 
<median score or ≥median score for each category of physical activity for analyses. 
2.3.3 Assessment of Current Smoking 
Participants were asked to report how many manufactured cigarettes, roll-your-own 
cigarettes, cigars, and pipes they smoked each day. Women selecting ‘0’ for all options 
were categorised as non-smokers. 
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2.3.4 Assessment of Co-morbidities 
Chronic diseases, including osteoporosis status, were self-reported. Participants were 
asked to indicate which diseases they had been diagnosed with from a list of common 
illnesses.   
2.3.5 Assessment of Education 
Highest level of education was self-reported within the HLQ as one of five levels; 
‘Primary school or less’, ‘High school (Incomplete)’, ‘High school (Complete)’, 
‘TAFE/Trade’ and ‘University’.  
2.4 Clinical Measures 
2.4.1 Anthropometry 
Height (±0.1 cm) was measured using a wall mounted stadiometer (Holtain Ltd, 
Britain) and weight (±0.1 kg) was measured using electronic scales and BMI 
calculated as (weight in kg)/(height in meters)2. Waist circumference (minimal 
abdominal) was determined using an anthropometric tape measure and categorised as 
<80cm or ≥80cm, as per NHMRC guidelines (11). 
Bone Mineral Density (BMD) was measured by DXA (Lunar DPX-L) and 
osteoporosis was defined as either a BMD T-score < -2.5 at the hip and/or spine (L2-
L4), posterior-anterior projection). 
2.4.2 Socioeconomic Status 
Australian Bureau of Statistics (ABS) Socio Economic Indexes For Areas (SEIFA) 
for 2011 were used as an estimate of socioeconomic status (SES). The SEIFA ranks 
each Census Collection District, areas that encompasses approximately 250 
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households, according to measures of relative advantage and/or disadvantage. Whilst 
there are four SEIFA available, this thesis utilised the Index of Relative Social 
Advantage and Disadvantage (IRSAD): an index that encompasses measures of both 
advantage and disadvantage, thus providing information across the spectrum from 
the most disadvantaged to the most advantaged. Participant addresses were cross-
matched with corresponding ABS collection districts in order to determine the 
IRSAD values, which were subsequently categorised into quintiles to determine area-
level SES: whereby quintile 1 was the most disadvantaged and quintile 5 was the 
most advantaged.  
2.5 Vitamin D in Pregnancy (VIP) Study 
The second dataset encompassed in this thesis is a mother-child cohort recruited into 
the Vitamin D in Pregnancy (VIP) study, an ongoing longitudinal cohort study. details 
of recruitment and previous follow-ups are published elsewhere (12). Briefly, women 
who were pregnant and <16 weeks gestation were recruited from the Geelong Hospital 
antenatal clinic over a period of 18 months beginning in 2002 and were subsequently 
followed up at: 32 weeks gestation, birth, one year, and 11 years of age. Data included 
within this thesis were collected as part of the 11 year follow-up of mother-child pairs 
which began in August 2013 and continued until January 2016. Of the 402 mother-
child pairs enrolled in the study at the birth follow-up 209 (52%) returned for the 11 
year follow-up. Maternal health literacy data was available for 194 mothers 
participating in the 11 year follow-up.  
2.5.1 Maternal Measures 
Dietary calcium and alcohol intakes were obtained and categorised using the same 
methods described above for the GOS population. Current smoking was self-reported 
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as number of cigarettes or pipes per day with mothers reporting 1 or more 
categorised as smokers. Self-reported highest education level was also obtained using 
the same question described for the GOS population above. 
2.5.2 Measures of Child behaviours 
Measures of child behaviours were also reported by mothers. Number of serves of 
five different calcium rich foods consumed in the previous 24 hours were reported by 
mothers. Children were categorised as either meeting or below Australian Dietary 
Guidelines for serves of calcium rich food of ≥3 serves/day for girls aged 9-11 years, 
≥2.5 serves/day for boys aged 9-11 years and ≥3.5 serves/day for all children 12-13 
years (13). Time spent outdoors during weekends and school holidays was reported 
as ‘2 hours or less’, ‘More than 2 hours’ or ‘Just about all day’. Children reported to 
be spending less than 2 hours outdoors were considered to be less likely to achieve 
adequate levels of vitamin D. Screen time was reported as hours per week watching 
television and hours per week playing electronic games and analysed as average 
hours per day. A previously used cut point of two hours per day (14) was used to 
categorise children into groups of low or high screen time.  
 
2.6 Epidemiological Analysis 
Detailed descriptions of all statistical analyses undertaken are given within the 
methods section of each chapter. In brief, one-way analysis of variance (ANOVA) 
and Cohen’s d effect sizes were used to determine whether differences exist between 
mean health literacy scale scores of two different groups (e.g. women who did vs 
women who did not meet calcium recommendations). This method has previously 
been utilised in analysing HLQ data (15). Regression analyses were used to 
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investigate relationships between HLQ scale scores and non-binary variables and to 
determine the effect of sociodemographic characteristics on relationships between 
HLQ scale scores and variables of interest. 
With the exception of Chapter 4, which investigates the effectiveness of a novel 
approach to translating osteoporosis prevention messages that catered to a range of 
health literacy levels, research presented in this thesis is largely observational and 
cross sectional in nature. This approach has enabled the identification of associations 
between different aspects of health literacy and lifestyle behaviours for the 
prevention of osteoporosis in a large, randomly selected population based cohort of 
women. While this is an important first step in understanding the role health literacy 
plays in the prevention of osteoporosis across the lifespan, further research is 
required to understand how health literacy and health interact and influence one 
another over time. For instance, does poor health literacy in youth result in poorer 
health outcomes in old age? Does a new diagnosis affect an individual’s confidence 
in their ability to find the health information they need, or in managing their health? 
Future well-designed, longitudinal studies that include multidimensional measures of 
health literacy are required to answer these questions.  
In addition, while the research presented within this thesis provides some hints as to 
how we may better translate osteoporosis prevention messages in ways which are 
accessible, engaging and easily implemented for populations currently struggling to 
take up these messages, robust intervention studies are required to test any strategies 
informed by this early work. 
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Background: The term health literacy refers to the abilities and resources required to 
find, understand and use health information in managing health. This definition is 
reflected in the recent development of multidimensional health literacy tools that 
measure multiple facets of health literacy. The aim of this study was to determine the 
health literacy profile of a randomly selected, population-based sample of Australian 
women using a multidimensional tool, the Health Literacy Questionnaire (HLQ). A 
second aim was to investigate associations between HLQ scales, sociodemographic 
characteristics and risk factors for chronic disease.  
Methods: We surveyed women involved in the Geelong Osteoporosis Study (GOS), 
a longitudinal population-based study. We included demographic data, lifestyle 
information and anthropometric measures as well as the HLQ. The HLQ has 44 
items, scored on either 4- or 5-point scales, within nine conceptually distinct scales. 
Means for each scale were calculated, and cross-sectional associations between HLQ 
domains and sociodemographic characteristics, and risk factors for chronic disease 
were investigated using regression analyses, analysis of variance (ANOVA) and 
calculation of effect sizes. 
Results: The HLQ scale ‘Understanding health information well enough to know 
what to do’ displayed the highest mean score (mean 4.28, ±SD 0.54, possible range 
1-5) while the scale ‘Appraisal of health information’ displayed the lowest (mean 
2.81, ±SD 0.48, possible range 1-4). Lower health literacy in various scales, was 
associated with sociodemographic characteristics including older age, being born 
outside Australia and having three or more chronic health conditions. Biphasic 
associations were observed between health literacy and education level, as well as 




and poor health behaviours including smoking and being more sedentary, in addition 
to greater body mass index and waist circumference.  
Conclusions: The profile of this population-based cohort of women demonstrated 
associations between low health literacy and low SES, lower levels of education, 
increasing age, and anthropometric and lifestyle risk factors for chronic disease. 
These associations between low health literacy and anthropometric and lifestyle risk 
factors for chronic disease were largely independent of age, education level and SES. 






Health literacy is described by the World Health Organization (WHO) as ‘the 
cognitive and social skills which determine the motivation and ability of individuals 
to gain access to, understand and use information in ways which promote and 
maintain good health’ [1]. In the past, tools designed to measure health literacy have 
largely investigated different aspects of functional health literacy, a narrow set of 
basic literacy and numeracy skills applied to health [2–5]. However, measuring only 
functional health literacy fails to investigate the much broader range of abilities and 
resources an individual requires to effectively manage their health [6].  
To address the limitations of earlier health literacy tools, recently several 
multidimensional tools have been developed that enable researchers to investigate a 
range of abilities and environmental factors associated with health literacy[7–10]. 
The Health Literacy Questionnaire (HLQ) is one multidimensional tool developed in 
Australia using a grounded approach [7]. Preliminary work has shown it has 
acceptable measurement properties[7,11], and it has been translated and used in 
many countries across the world [12–16]. 
Previous studies have measured health literacy using the HLQ in specific populations 
such as university students undertaking a health-related degree [16,17], recently 
hospitalised individuals [12,13] and patients with specific diseases, such as diabetes 
[18] and breast cancer [19]. Other than one Danish study that included two of the 
nine domains that make up the HLQ to assess health literacy in the general 
population [15]11], the full HLQ has not yet been applied to the general population.  
There is an indication that health literacy may be a mediator in the relationship 
between certain sociodemographic characteristics and health behaviours and 




associated with health behaviours including healthier diet and increased physical 
activity [19,22], but not with alcohol consumption or smoking [22]. An 
understanding of health literacy in the wider population would assist in informing 
public policy, allocating resources and developing interventions to address low 
health literacy and reduce health inequalities at a population level [23].  
The aim of this study was to describe the health literacy profile of a randomly 
recruited population-based sample of women participating in a cohort study based in 
south-eastern Australia. A second aim was to investigate whether there is any 
associations between HLQ domains and socio-demographic characteristics and risk 
factors for chronic disease 
Method 
Participants 
Data were collected from women participating in the prospective, population-based 
Geelong Osteoporosis Study (GOS); the GOS protocol has been published elsewhere 
[24]. In brief, a cohort of 1,494 women was randomly recruited from the general 
population between 1993 and 1997 (77.1% participation) with a further 246 women 
aged 20-29 years recruited at the same time as the 10-year follow up. All participants 
enrolled in the GOS in December 2014 were sent the HLQ to complete, with data 
collection continuing until March 2016. All participants gave written, informed 
consent to be involved in the GOS. The Barwon Health Human Research Ethics 
Committee approved the study.  
Data collection 
Participants completed the HLQ online or via post.  Participants who required 




relative assist as well as being offered the option of completing the questionnaire 
over the phone with a member of the research team. A question within the HLQ itself 
captured information regarding whether or not participants had been assisted in 
completing the questionnaire and, if so, in what way they were assisted. Electronic 
data were collected via the Research Electronic Data Capture (REDCap) tool [25] 
hosted by Barwon Health, which was also used to enter and manage hard copy 
questionnaires. 
The HLQ is a 44-item multidimensional tool that determines health literacy scores 
across nine conceptually distinct domains, each measured by an independent scale. 
The nine scales that comprise the HLQ are: 
1. Feeling understood and supported by healthcare providers 
2. Having sufficient information to manage my health 
3. Actively managing my health 
4. Social support for health 
5. Appraisal of health information 
6. Ability to actively engage with healthcare providers 
7. Navigating the healthcare system 
8. Ability to find good health information 
9. Understand health information well enough to know what to do [7]. 
Each scale includes between four and six items. Scales 1-5 encompass items scored 
on a 4-point scale (strongly disagree, disagree, agree, and strongly agree) and reflect 
an individual’s supports, motivation and confidence in managing their health. Scales 
6-9 are scored on a 5-point scale (cannot do, very difficult, quite difficult, easy, and 
very easy) and broadly capture an individual’s capability to engage with, and use 




Data, including education level, health conditions, current smoking, possession of a 
healthcare card (a concession card available to individuals on low-income receiving 
government payments), private health insurance, and physical activity level 
(determined by a 5-level mobility scale and analysed as ‘active’ or ‘sedentary’), were 
self-reported. Highest level of education was recorded as one of five different levels 
(‘Primary school or less’, ‘Secondary education (not completed)’, ‘Secondary 
education (completed)’, ‘Technical and Further Education (TAFE)/Trade’ and 
‘University’). Due to small counts in the lowest education group (n=28), the two 
lower levels of educational attainment were combined for analyses.  
Alcohol consumption was determined using the Victorian Cancer Council Food 
Frequency Questionnaire [26] and categorised as meeting or exceeding National 
Health and Medical Research Council (NHMRC) of Australia guidelines of two 
standard drinks or less per day [27]. Height and weight were to the nearest 0.1cm and 
0.1kg, respectively. Body mass index (BMI) was calculated as (weight in kg)/(height 
in metres)2. Waist circumference (minimal abdominal) was measured using an 
anthropometric tape measure and categorised as <80cm or ≥80cm as per NHMRC 
guidelines [28]. 
Area based socioeconomic status (SES) was determined using the Australian Bureau 
of Statistic (ABS) Index of Relative Socio-economic Advantage and Disadvantage 
(IRSAD). The IRSAD is a calculation of the level of social advantage/disadvantage 
based on 2011 ABS census data for each ABS Census Collection District, an area 
that encompasses approximately 250 households. Participant residential addresses 
were matched with corresponding ABS collection district to determine values 
according to the Socio Economic Indexes For Areas (SEIFA), from which IRSAD 




accordance with an approach used previously [29], quintile 1 referred to the most 
disadvantaged and quintile 5 was the most advantaged.  
Analyses 
Missing values for HLQ items were imputed using the expectation maximisation 
(EM) algorithm, as previously employed by Beauchamp et al [12]. The EM 
algorithm imputes values for scales where there are no more than 2 values missing 
from 4-5 item scales and no more than 3 values missing from 6 item scales. 
Effect sizes (ES) were calculated using Cohen’s d [30] for differences in mean HLQ 
scale scores between demographic groups ES of 0.20 to 0.50, 0.5 to 0.80 and >0.80 
were considered small, medium, and large, respectively. As HLQ scores were not 
normally distributed we undertook analysis of variance (ANOVA) using the Welch 
method to investigate differences in mean HLQ. 
Regression analyses were used to investigate associations between HLQ scale scores 
and non-binary sociodemographic characteristics. Associations between HLQ scores 
and education level and SES quintile were presented as prediction means and p-
values. Binary logistic regression analyses were used to assess the relationship 
between health literacy scale scores and anthropometric and lifestyle risk factors for 
poor health outcomes, with sociodemographic variables including age, education and 
SES, added to the models to assess their influence on associations. 
Analyses were undertaken using SPSS version 22 and Minitab (version 16; Minitab, 
State College, PA). 
Results 
Of 1,032 women sent the HLQ, 20 had died, 264 could not be contacted, and 35 did 




interest. Thus, 713 women provided HLQ data and were included in this analysis. 
Participants who required assistance in completing the questions were offered the 
option of completing the questionnaire over the phone. Twenty-six women were 
assisted to complete the questionnaire over the telephone and a further 16 women 
were assisted by a friend or relative. 
Participant characteristics are presented in Table 1. Participant SES spanned all 
IRSAD levels, with similar proportions observed in the most disadvantaged (14.9%) 
and the most advantaged (16.9%) quintiles. Only 5 (0.71%) participants reported 
speaking a language other than English at home and 69 (10.4%) reported current 
smoking. Almost two-thirds of participants (n=435) had a BMI ≥25kg/m2 and 464 
(70.5%) had a waist circumference of ≥80cm.  
Mean HLQ scale scores are shown in Table 2. The highest mean score for scales 1-5 
was for Scale 1. ‘Feeling understood and supported by healthcare professionals’ 
(mean 3.20, ± SD 0.52) while the lowest mean score was observed for Scale 5. 
‘Appraisal of health information’ (mean 2.81, ± SD 0.48). Scale 9. ‘Understand 
health information well enough to know what to do’ displayed the highest score of 
scales 6-9 (mean 4.28, ± SD 0.54), while Scale 7. ‘Navigating the healthcare system’ 
displayed the lowest mean score (mean 4.09, ± SD 0.57). 
Tables 3 and 4 summarise the association between sociodemographic characteristics 
and anthropometric and lifestyle risk-factors, and the nine HLQ scales. ES observed 
for differences in mean HLQ scale scores between sociodemographic groups were all 
small (0.20 to 0.50). The largest ES was 0.45, which related to differences in mean 
scale scores for Scale 8. ‘Ability to find good health information’ between age <65 vs 
≥65 years, self-reported health conditions <3 vs ≥3 (ES 0.45, 95%CI 0.41 to 0.57) 




born overseas was associated with lower mean scores in Scale 2. ‘Having sufficient 
information to manage health’ (ES 0.30, 95%CI 0.26 to 0.38) and Scale 8. ‘Ability to 
find good health information’ (ES 0.26, 95%CI 0.21 to 0.39). Having private health 
insurance was associated with higher mean scores in the greatest number of health 
literacy scales of any demographic characteristic, showing small but significant ES 
for all scales except Scale 5. ‘Appraisal of health information’. Private health 
insurance was also the only demographic characteristic that showed a significant ES 
for mean differences in Scale 1. ‘Feeling understood and supported by healthcare 
providers’ (ES 0.27, 95%CI 0.21 to 0.34).  
Figure 1 illustrates the relationship between highest self-reported education level and 
health literacy scales. Associations for Scale 7. ‘Navigating the healthcare system’ 
and Scale 9. ‘Understand health information well enough to know what to do’ were 
biphasic. Women who did not complete secondary education and women with a 
TAFE or trade qualification showed lower mean scores than individuals who self-
reported their highest level of education as secondary education (complete) or a 
university degree. 
Figure 2 describes the associations between area-level SES and seven of the nine 
health literacy scales. Scale 5. ‘Appraisal of health information’ did not show any 
association while Scale 2. ‘Having sufficient information to manage health’ showed 
a non-linear trend (p= 0.05), with SES quintiles 3 and 5 showing an association with 
higher scale scores while holding quintile 1 as referent. All other scales showed a 
significant association, however, four of these associations were also biphasic. 
Table 4 shows associations between lifestyle and anthropometric risk factors for 
chronic disease. Having a high BMI or waist circumference were both associated 




support for health’. In regression analyses, after adjusting for SES, a high BMI was 
associated with higher scores in Scale 1. ‘Feeling understood and supported by 
healthcare providers’ (p=0.05). However, after adjusting for age and education, 
associations between waist circumference and Scale 2. ‘Having sufficient 
information to manage health’ were no longer seen, as shown in Table 5. Sedentary 
behaviour was associated with the greatest number of health literacy scales of any 
lifestyle or anthropometric risk factor for chronic disease and adjusting for age, 
education level or SES quintile did not change associations. A high alcohol intake 
was associated with higher mean scores for two health literacy scales, however, in 
binary logistic regression models adjusting for age, associations were no longer seen 
(Figure 2). A post hoc analysis revealed an association between age and alcohol 
intake, with a greater number of women in younger age groups (including women in 
their 30s, 40s and 50s) more likely to consume alcohol above recommended levels 
than women in older age groups (data not shown). Adjustment for education level or 
SES did not change associations (data not shown). Of the anthropometric and 
lifestyle characteristics investigated, smoking displayed the fewest associations with 
health literacy scales with one small ES seen for Scale 3. ‘Actively managing health’. 




Women within this study displayed strengths and difficulties across nine domains of 
health literacy with mean scores varying across the HLQ scales. Sociodemographic 
characteristics including older age, lower education level, lower area-level SES, 




conditions were all associated with lower health literacy. However, regression 
analyses revealed associations that appeared biphasic, between some HLQ scales and 
education level and SES quintile. Associations between anthropometric and lifestyle 
risk factors for poor health outcomes and lower health literacy remained after 
adjusting for age, education and SES. The exception to this was alcohol intake where 
associations between higher alcohol intake and higher health literacy were attenuated 
after age adjustment.  
Sociodemographic characteristics 
Age and country of birth have previously shown strong associations with multiple 
scales of the HLQ in Australian study populations [9,10]. However, our current study 
showed smaller ES and associations in fewer health literacy scales for both of these 
sociodemographic characteristics. Specific to country of birth, it is possible that 
language barriers were driving the effect seen between health literacy and country of 
birth in earlier studies, whilst the small proportion of participants in our study that 
did not speak English at home (0.7%) may explain why our results differed.  
Previous research has revealed inconsistent associations between health literacy and 
social advantage and/or disadvantage. Associations between HLQ scale scores and 
SES and education vary between studies, possibly related to differences in the 
definition or measurement of parameters of social advantage/disadvantage, for 
instance income, occupation, highest level of education, or having private health 
insurance [13,15].  Completion of secondary education and greater number of years 
in education have both previously been associated with higher HLQ scores 
[12,13,15]. Our study found a similar relationship; however, we observed a biphasic 
relationship, with similar health literacy scores observed for the ‘TAFE/Trade’ group 




type, in addition to time spent in formal education or completion of secondary 
education, may be important to health literacy. This speculation is supported by data 
from university students who undertook health-based degrees and showed varying 
HLQ scores across the different degrees [17]. Despite the fact that all participants in 
that study were attending university and were therefore more likely to have higher 
health literacy overall, the type of degree studied was still associated with HLQ 
scores with the highest HLQ scores observed for medical students and the lowest for 
nursing students [17]. 
The appearance of biphasic associations with area-level SES in our study may 
potentially be due to the use of SES quintiles derived from IRSAD data, which 
provide a greater level of detail compared to other studies that employed, for 
instance, 2- or 3-level measures of income [13,15].. Given that education and income 
variables form part of the aggregate IRSAD values, it may also be that education 
level, more so than income or other indicators of advantage/disadvantage, are 
underpinning these biphasic associations. This seems particularly likely in light of 
the well-documented interconnectedness between education and income, and the 
inextricable link between education, income and health literacy.  
Anthropometric and lifestyle risk factors 
Previous research has shown a greater likelihood of lower health literacy in 
individuals with a chronic health condition [12,18,32]. This may be explained by 
higher health literacy needs of individuals managing a chronic disease, or low health 
literacy leading to chronic illness, or both. We found associations between HLQ 
scores and anthropometric and lifestyle risk factors known to be associated with 
chronic diseases suggesting that health literacy may play a mediating role in the 




anthropometric and lifestyle risk factors for poor health outcomes were largely 
independent of sociodemographic characteristics usually associated with chronic 
illness including age, education level and SES.  
The exception to this was the association between higher HLQ scores and alcohol 
intake above recommended levels. These associations were seen for the same HLQ 
scales which displayed an inverse association with age. In addition, after age-
adjustment, associations between alcohol intake and HLQ score were not sustained. 
Thus, we undertook a post-hoc analysis to determine whether age was inversely 
associated with alcohol intake and, in keeping with previous research [33], we 
observed that younger women were more likely to exceed recommendations for 
alcohol intake. Together these results indicate that associations between higher HLQ 
scores and alcohol intake above recommended levels are likely driven by age. These 
results are similar to a previous study of Danish adults with diabetes in which no 
associations were seen between alcohol consumption and the two HLQ scales 
assessed, Scale 9. ‘Understanding health information well enough to know what to 
do’ and Scale 6. ‘Ability to actively engage with healthcare providers’, after 
adjusting for sociodemographic characteristics, including age [22]. 
While, associations between levels of physical activity and HLQ scores have been 
seen in a small study of 36 women diagnosed with breast cancer [19], and in a large 
(n= 29,473) population-based study of Danish adults with diabetes [22], HLQ scales 
associated with physical activity differed across those two studies and also our 
current study. These differences may be due to heterogeneous study populations and 
use of different measures of physical activity.  




Our study has a number of strengths. We utilised a population-based sample of 
women and a multidimensional measure of health literacy that enabled us to examine 
associations between specific aspects of health literacy and sociodemographic, 
anthropometric and lifestyle characteristics. The use of objective measures such as 
BMI and waist circumference are also a strength of this study.  
A possible limitation of the study could be the underrepresentation of women with 
low health literacy due to the requirements of participation including the ability to 
read and understand the invitation to participate, complete questionnaires and attend 
clinical appointments. To mitigate this bias, we made efforts to offer assistance for 
completing questionnaires if needed. Similar to previous studies, we also avoided use 
of the term ‘health literacy’ in all communications to avoid the possibility that 
women with low literacy may have refused participation due to stigma or shame 
[14]. Data regarding smoking, physical activity and alcohol consumption were self-
reported and are also subject to potential bias. Our current study was undertaken 
within a geographically defined area of regional Victoria, and thus results may not be 
generalisable to the wider Australian female population or to Australian men. 
Conclusion 
We used a multidimensional health literacy tool to describe the health literacy profile 
of a randomly selected, population-based sample of Australian women and 
investigate associations between health literacy and sociodemographic, 
anthropometric and lifestyle characteristics. Mean sores varied across the nine HLQ 
scales indicating women in this study have strengths and difficulties in different 
aspects of health literacy. We report associations between lower health literacy and 
sociodemographic characteristics including lower SES, lower levels of education, 




observed between health literacy and education and SES were biphasic, potentially 
due to the different measures of education and SES used. We also demonstrated 
associations between low health literacy and anthropometric and lifestyle risk factors 
for chronic disease that were largely independent of age, education level and SES. 
Further research in large population-based studies, using robust measures of lifestyle 
risk factors is required to better understand the relationship between lifestyle 
management of health and health literacy. 
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Table 1: Participant characteristics (n=713) given as n (%) or median (IQR) 
Demographic characteristics n (%) or median (IQR) 
missing data 
n 
Age 59.1 (45.2-70.2) 0 
Lives alone 138 (19.8) 16 
Secondary education incomplete 240 (33.8) 2 
Education (4 levels) 2 
  Secondary education 
(incomplete) 
240 (33.8) 
  Secondary education (complete) 146 (20.5) 
  TAFE/Trade 141 (19.8) 
 University 184 (25.9) 
Private health insurance 496 (71.0) 14 
Health care concession card 283 (40.5) 15 
Born in Australia 614 (86.2) 1 
English spoken at home 706 (99.3) 7 
IRSAD Quintiles 37 
  1 (most disadvantaged) 101 (14.9) 
  2 72 (10.7) 
  3 258 (38.2) 
  4 131 (19.4) 
  5 (least disadvantaged) 114 (16.9) 
≥3 Health conditions 143 (20.1) 22 
BMI ≥25 435 (66.3) 57 
Waist circumference ≥80cm 464 (70.5) 55 
Sedentary activity 163 (24.5) 48 
Current smoking 69 (10.4) 47 
>2 glasses alcohol per day 160 (24.1) 48 





Table 2: HLQ scores for each of the 9 scales (n=712) given as mean with standard deviation 
(±SD), and 95% confidence interval (95%CI). 
Scale 
HLQ Scale Mean (±SD) [95%CI] 
Missing 
data (n) 
  Range 1-4 
(lowest - highest) 
 
1 Feeling understood and supported by 
healthcare professionals 
3.20 (0.52) [3.16, 3.23] 
1 
2 Having sufficient information to manage my 
health 
3.07 (0.44) [3.04, 3.11] 
1 
3 Actively managing my health 
2.99 (0.49) [2.95, 3.02] 
3 
4 Social support for health 3.08 (0.50) [3.05, 3.12] 2 
5 Appraisal of health information 2.81 (0.48) [2.77, 2.84] 3 
  Range 1– 5 
(lowest - highest) 
 
6 Ability to actively engage with healthcare 
professionals 
4.17 (0.58) [4.13, 4.21] 
9 
7 Navigating the healthcare system 4.09 (0.57) [4.05, 4.13] 10 
8 Ability to find good health information 4.11 (0.59) [4.06, 4.15] 10 
9 Understand health information well enough 
to know what to do 







Table 3: Health literacy scores by sociodemographic characteristics 
































Scale 8.  







enough to know 
what to do 
Mean score (±SD) 



















































































































































































































































Effect size for conditions  
(95%CI) 
-0.06 (-0.10, 0.04) 0.21 (0.17, 0.29) 0.06 (0.02, 0.14) 0.37 (0.33, 0.47) 0.02 (-0.02, 0.10) 0.33 (0.29, 0.45) 0.26 (0.22, 0.38) 0.45 (0.41, 0.57) 0.32 (0.28, 0.42) 
Results in bold indicate a p-value <0.05 for difference in means tested using one-way ANOVA. 
















































Scale 8.  







enough to know 
what to do 
Mean score (±SD) 





3.11  (0.41) 
n=220 
3.10  (0.50) 
n=219 
3.15  (0.43) 
n=219 
2.85  (0.48) 
n=219 
4.19  (0.54) 
n=216 
4.13  (0.54) 
n=216 
4.16  (0.54) 
n=216 
4.29  (0.52) 
n=216 
≥25 
3.23  (0.49) 
n=435 
3.07  (0.43) 
n=435 
2.93  (0.47) 
n=434 
3.06  (0.51) 
n=435 
2.79  (0.49) 
n=435 
4.19  (0.56) 
n=432 
4.10  (0.54) 
n=431 
4.11  (0.57) 
n=431 
4.29  (0.50) 
n=432 









































Effect size for waist (95%CI) -0.06 (-0.13, -0.01) 0.19 (0.13, 0.23) 0.37 (0.30, 0.42) 0.23 (0.16, 0.27) 0.12 (0.06, 0.17) 0.02 (-0.07, 0.07) 0.09 (0.01, 0.14) 0.21 (0.13, 0.26) 0.12 (0.04, 0.16) 
Sedentary 





















































































































Effect size for smoking (95%CI) 0.20 (0.16, 0.35) -0.04 (-0.08, 0.12) 0.33 (0.29, 0.46) 0.22 (0.19, 0.36) 0.04 (0.00, 0.16) -0.11 (-0.15, 0.05) -0.14 (-0.19, 0.00) -0.10 (-0.15, 0.06) -0.24 (-0.29, -0.12) 
Results in bold indicate a p-value <0.05 for difference in means tested using one-way ANOVA. 








Table 5: Unadjusted and age adjusted odds ratios (95%CI) for anthropometric and lifestyle factors across  HLQ scales 































Scale 8.  







enough to know 
what to do 
Odds ratio (95% CI) 
Score range 1-4 Score range 1-5 
BMI (kg/m2) 
<25 vs ≥25 
Unadjusted 1.31 (0.95, 1.81) 0.82 (0.56, 1.21) 0.47 (0.33, 0.67) 0.67 (0.48, 0.95) 0.77 (0.55, 1.07) 0.98 (0.73, 1.33) 0.91 (0.67, 1.24) 0.84 (0.62, 1.13) 0.97 (0.70, 1.34) 
Age 
Adjusted 
1.28 (0.92, 1.77) 0.88 (0.60, 1.29) 0.46 (0.33, 0.66) 0.67 (0.48, 0.95) 0.79 (0.56, 1.12) 0.99 (0.74, 1.35) 0.92 (0.67, 1.25) 0.94 (0.69, 1.28) 1.06 (0.76, 1.47) 
 
Waist 
<80 vs ≥80 
Unadjusted 1.11 (0.79, 1.54) 0.61 (0.41, 0.91) 0.46 (0.32, 0.66) 0.61 (0.43, 0.88) 0.78 (0.55, 1.11) 0.96 (0.71, 1.31) 0.86 (0.63, 1.17) 0.70 (0.51, 0.96) 0.78 (0.56, 1.09) 
Age 
Adjusted 
1.06 (0.76, 1.49) 0.67 (0.44, 1.01) 0.45 (0.31, 0.65) 0.61 (0.42, 0.88) 0.83 (0.58, 1.19) 0.98 (0.71, 1.34) 0.87 (0.62, 1.20) 0.83 (0.59, 1.15) 0.87 (0.62, 1.24) 
Sedentary 
Yes vs No 
Unadjusted 1.28 (0.89, 1.82) 0.73 (0.48, 1.10) 0.53 (0.37, 0.77) 0.86 (0.6,0 1.23) 0.91 (0.64, 1.31) 0.66 (0.49, 0.90) 0.61 (0.45, 0.83) 0.48 (0.35, 0.65) 0.47 (0.34, 0.66) 
Age 
Adjusted 
1.23 (0.84, 1.78) 0.86 (0.56, 1.33) 0.47 (0.31, 0.71) 0.83 (0.57, 1.21) 1.02 (0.70, 1.50) 0.69 (0.50, 0.94) 0.64 (0.46, 0.89) 0.62 (0.45, 0.85) 0.58 (0.40, 0.83) 
Alcohol-
drinks/day 
≤2 vs >2 
Unadjusted 1.18 (0.83, 1.68) 1.56 (1.02, 2.38) 1.24 (0.86, 1.80) 1.39 (0.96, 2.02) 1.18 (0.82, 1.71) 1.24 (0.89, 1.72) 1.72 (0.92, 1.79) 1.43 (1.03, 1.99) 1.62 (1.13, 2.33) 
Age 
Adjusted 
1.30 (0.89, 1.89) 1.35 (0.87, 2.11) 1.26 (0.86, 1.82) 1.40 (0.95, 2.07) 1.08 (0.73, 1.60) 1.24 (0.87, 1.76) 1.31 (0.91, 1.89) 1.09 (0.75, 1.57) 1.40 (0.94, 2.08) 
Smoking 
Yes vs No 
Unadjusted 0.70 (0.43, 1.12) 1.12 (0.63, 1.99) 0.52 (0.31, 0.86) 0.64 (0.39, 1.05) 0.90 (0.54, 1.50) 1.20 (0.76, 1.89) 1.31 (0.82, 2.09) 1.18 (0.76, 1.83) 1.64 (0.99, 2.73) 
Age 
Adjusted 
0.71 (0.44, 1.14) 1.05 (0.59, 1.87) 0.53 (0.32, 0.87) 0.64 (0.39, 1.04) 0.86 (0.51, 1.44) 1.18 (0.75, 1.87) 1.30 (0.81, 2.08) 1.06 (0.67, 1.69) 1.54 (0.92, 2.59) 
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Abstract
Background: Osteoporosis is a skeletal disorder characterised by low bone mineral density and increased fracture
risk. Nationally the total costs of this chronic disease are currently estimated at $2.754 billion annually. Effective
public health messages providing clear recommendations are vital in supporting prevention efforts. This research
aimed to investigate knowledge change associated with the translation of preventive guidelines into accessible
messages for the community.
Findings: We delivered a community-based information session that translated recommended guidelines for
osteoporosis prevention into lay terms; items focused on dietary calcium, vitamin D, physical activity, alcohol,
smoking and general osteoporosis-related knowledge. We developed a 10-item questionnaire reflecting these key
points (score range 0–10) and investigated knowledge change associated with the session. Pre- and post-test
questionnaires were completed by 47 participants (51% female), aged 21–94 years. Relatively high pre-test scores
were observed for questions regarding sedentary activity and calcium intake. The lowest pre-test scores were
observed for the item concerning whether swimming and cycling strengthened bones, and the highest possible
score post-test was achieved for three of the items: calcium-rich food as a protective factor, and excessive alcohol
and smoking as risk factors. The overall increase in knowledge change was a mean score of +2.08 (95%CI 1.58–2.42).
Conclusions: An increase in knowledge regarding osteoporosis prevention was demonstrated over the short-term.
Our findings suggest that the guidelines concerning dietary calcium are generally well understood; however,
the asymptomatic nature of osteoporosis and the types of physical activity that assist with bone strength are
less well understood.
Keywords: Osteoporosis, Knowledge change, Recommended guidelines, Prevention
Background
Osteoporosis is a skeletal disorder characterised by low
bone mineral density (BMD), microarchitectural deteri-
oration of the bone and a subsequent increase in frac-
ture risk [1]. Recent Australian data suggest that 330,000
women and 80,000 men have osteoporosis [2], and in
the Geelong region specifically prevalence of osteopor-
osis has been estimated as 5.9% for men and 22.8% for
women over the age of 50 [3]. Nationally, the total direct
and indirect costs of this chronic disease are currently
estimated at $2.754 billion [2], and set to increase dra-
matically in light of our ageing population. Effective
public health messages that provide clear recommenda-
tions and develop osteoporosis-related knowledge are
vital in supporting efforts in osteoporosis prevention.
Although the modification of lifestyle behaviours may
contribute significantly to reducing the risk of this
disease, Australian communities have been reported in a
number of studies as having a lack of knowledge
about osteoporosis [4-7], and thus a limited ability to
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competently reduce their risk of this disease by modi-
fying their lifestyles.
In efforts to address the increasing prevalence of
osteoporosis, Osteoporosis Australia (OA) recently pub-
lished an evidence-informed strategy for the prevention
of this disease in the form of a consistent set of recom-
mended guidelines [8]. The challenge is translating
these comprehensive and evidence-based guidelines for
a wider audience to ensure the messages reach beyond
health professionals and are heeded by individuals who
are at greatest risk of the disease.
World Osteoporosis Day was established by the Inter-
national Osteoporosis Foundation in 1996, and is
marked each year on October 20th by a variety of events
in different countries aimed at raising awareness about
the prevention, diagnosis and treatment of osteoporosis.
We used this annual event as a platform to facilitate the
translation of OA guidelines via an information session
for the general community using visual and verbal tools.
We aimed to investigate short term knowledge change
associated with the translation of recommended prevent-
ive guidelines to accessible messages for the general
community.
Hypothesis
We anticipated that the recommended guidelines trans-
lated into user-friendly messages presented in the form
of a community-based information session, would in-
crease participants’ knowledge of prevention messages.
Methods
Participants
Participants were recruited to attend a World Osteopor-
osis Day event in October 2013 using a convenience
sample method. We delivered a community-based infor-
mation session that translated the recommended guide-
lines for osteoporosis prevention; guidelines focused on
dietary calcium, vitamin D exposure, physical activity, al-
cohol consumption, smoking and general understanding
of osteoporosis. The event was open to the public and ad-
vertised broadly in the local newspaper as of interest to all
adults, and fliers for the event were sent to participants
(aged ≥50 years) enrolled in the Geelong Osteoporosis
Study (GOS), a cohort randomly recruited from the
Barwon Statistical Division (BSD), south eastern Australia
[9]. Attendees at previous GOS public forums were also
invited by mail to attend, and fliers were distributed to
community groups in the BSD who assisted in the creation
of an oversized jigsaw puzzle that was used as a communi-
cation tool during the information session [10]. Ethics ap-
proval was provided by Barwon Health Human Research
and Ethics Committee; completion of the questionnaire
was taken as implied consent for participation and aligned
with ethical approval.
Outcome measure
We developed a 10-item questionnaire (see Table 1) that
addressed the OA recommended prevention guidelines
concerning osteoporosis [8]. Participants were asked to
complete the questionnaire immediately prior to the in-
formation session, and again directly after the conclu-
sion of the 40 minute information session. Participants
had three possible response options for each of the 10
items on the questionnaire: True, False or Unsure.
Research staff provided on-site assistance for vision im-
paired attendees who were unable to complete the ques-
tionnaire unaided; during the post-test, the assisting
research staff members were blinded to pre-test re-
sponses. For analyses the questionnaire responses were
coded as 1 if answered correctly, while incorrect and un-
sure responses were coded as 0.
Statistical analyses
Of the 48 attendees at the event, all but one had com-
pleted both the pre- and post-test questionnaire; thus,
after excluding this individual, our sample included 47
participants.
The mean change in overall pre- and post-test scores
was determined using a paired t-test. Paired t-tests were
also performed to detect changes in mean scores for
each item. Two of the 47 participants had missed
answering one question, one at pre-test and one at post-
test; to account for these missing data we applied a con-
servative approach consistent with the null hypothesis
that no knowledge change would be achieved and
Table 1 10-item questionnaire addressing the OA
recommended prevention guidelines concerning
osteoporosis
Please read the following statements, and circle whether you think
the statements are TRUE or FALSE. If you do not know the answer,
please circle UNSURE
A diet low in calcium increases the
risk of osteoporosis
TRUE FALSE USURE
We should include 3–5 serves of
calcium-rich foods in our daily diet
TRUE FALSE USURE
Food is the main source of vitamin D TRUE FALSE USURE
The body needs vitamin D to help
absorb calcium
TRUE FALSE USURE
Excessive alcohol is bad for your bones TRUE FALSE USURE
Activities like swimming and cycling
help to build strong bones
TRUE FALSE USURE
People with osteoporosis can feel their
bones getting weak
TRUE FALSE USURE
Long periods of sitting are good for
bone strength
TRUE FALSE USURE
Cigarette smoking will harm your
bones
TRUE FALSE USURE
Osteoporosis can affect men TRUE FALSE USURE
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carried the last value forward or backward for each of
these individuals as appropriate. We also performed a
sensitivity analysis after excluding the two participants
who had each missed answering one item (n = 45).
Significance was set at p-value ≤0.05, and analyses were
performed using Minitab (Version 16; Minitab, State
College, PA, USA).
Results
Ages of the 47 participants (51% female) who answered
both the pre- and post-questionnaire ranged from 21–94
years (median 60 years). The pre-test knowledge of our
participants was a combined score of 336 out of a pos-
sible 470 (71.5%) vs. the post-test score of 430 (91.5%).
Table 2 presents the pre- and post-test scores for each
of the 10 individual item themes together with the mean
change in scores. The highest pre-test scores were ob-
served for the following items: low dietary calcium as a
risk factor (0.91, 95%CI 0.83, 1.00), 3–5 serves of
calcium-rich food as a protective factor (0.94, 95%CI
0.86, 1.01), and long periods of sitting as a risk factor for
osteoporosis (0.92, 95%CI 0.83, 1.00). The lowest pre-
test scores were observed for the item that questioned
whether swimming and cycling strengthened bones, for
which the pre-test score was 0.06 (95%CI-0.10, 0.14).
However, it was this latter item that showed the greatest
mean increase of 0.70 (95%CI 0.57, 0.84). The highest
possible score post-test was achieved by participants for
three of the items: 3–5 serves of calcium-rich food as a
protective factor, and excessive alcohol and smoking as
risk factors. The overall mean change in knowledge
scores was +2.08 (95%CI 1.58, 2.42). Our sensitivity ana-
lysis showed a similar mean increase in scores. Figure 1
presents the spread of participants showing a difference
in total scores from pre- to post-test; the majority of
participants increased their knowledge by between 1–3
points.
Discussion
We showed an increase in knowledge regarding osteo-
porosis prevention with pre- and post-tests performed
immediately before and after the information session.
This suggests that providing easily accessible messages
to the general community can positively influence know-
ledge change regarding osteoporosis prevention. Our
pre-test scores showed that, in general, recommended
guidelines concerning dietary calcium intake are well
understood; however, the asymptomatic nature of osteo-
porosis and the types of physical activity that strengthen
bones are less well understood.
It is clear that the lifestyle behaviours involving dietary
calcium, vitamin D exposure, physical activity, smoking
and alcohol consumption influence the risk of osteopor-
osis [8], and given that these factors are all modifiable,
they are often the prime focus of public health messages.
Table 2 Mean scores (95%CI) for each of the ten questions; significant results are in boldface
Mean score (95%CI)
Question Theme Pre-test Post-test Change
Diet low in calcium is a risk factor 0.91 (0.83, 1.00) 0.94 (0.86, 1.01) +0.02 (−0.09, 0.14)
3–5 serves per day of calcium-rich foods are recommended 0.94 (0.86, 1.01) 1.00 (1.00, 1.00) +0.06 (−0.09, 0.14)
Sunlight is the main source of vitamin D 0.60 (0.45, 0.74)* 0.77 (0.64, 0.89) +0.17 (0.02, 0.32)
Body needs vitamin D to help absorb calcium 0.79 (0.67, 0.91) 0.98 (0.64, 0.89)* +0.19 (0.06, 0.32)
Excessive alcohol is a risk factor 0.79 (0.67, 0.91) 1.00 (1.00, 1.00) +0.21 (0.09, 0.33)
Swimming and cycling do not build bone strength 0.06 (−0.01, 0.14) 0.77 (0.64, 0.89) +0.70 (0.57, 0.84)
Osteoporosis is asymptomatic 0.47 (0.32, 0.62) 0.83 (0.72, 0.94) +0.36 (0.22, 0.50)
Long periods of sitting are a risk factor 0.92 (0.83, 1.00) 0.92 (0.83, 1.00) +0.00 (−0.12, 0.12)
Smoking is a risk factor 0.79 (0.67, 0.91) 1.00 (1.00, 1.00) +0.21 (0.09, 0.33)
Osteoporosis affects men 0.89 (0.80, 0.99) 0.96 (0.90, 1.02) +0.06 (−0.01, 0.14)
Change in total score (all items combined) 2.08 (1.57, 2.42)
*Missing data: n = 1 for each question at the time point indicated.
Figure 1 Frequency of mean change in post- vs pre-test scores
(all 10 questionnaire items combined) among 47 participants.
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It is likely due to awareness-raising activities in the
arenas of public health, media and primary and second-
ary care, that we observed high pre-test scores for ques-
tions concerning adequate dietary calcium and vitamin
D levels. Similarly, participants had prior understanding
that smoking and alcohol were risk factors for poor bone
health and achieved a 100% score post-test. In light of
the well- documented links between many other chronic
diseases and alcohol use and smoking, it is plausible that
participants readily accepted from our information ses-
sion that this link also exists for osteoporosis. Finally,
the pre-test scores regarding physical activity indicated
that while most participants understood that sedentary
activity was a risk factor for osteoporosis, very few
understood the specific types of activities that improved
bone strength. Despite this latter item showing the great-
est increase in knowledge change, it nevertheless remained
one of the two lowest scoring items post-test. The lack of
understanding regarding types of physical activity benefi-
cial for bones may stem from the fact that the guidelines
for osteoporosis prevention differ from the guidelines for
general well-being where aerobic physical activity is
considered positive for health [11], while weight bearing
activities are useful for strengthening bones [8].
The pre- and post-test scores indicated that partici-
pants had a reasonably sound understanding that osteo-
porosis affects both sexes. In contrast, prior to the
information session, less than half of the participants
were aware that osteoporosis is often asymptomatic
prior to a fracture occurring. It is of public health con-
cern that, despite much research and media attention,
many individuals remain unaware of the asymptomatic
nature of osteoporosis and thus plausibly will disregard
the need for preventive behaviours or health-related
advice in the absence of symptoms. The limited commu-
nity awareness regarding osteoporosis being asymptom-
atic pre-fracture has previously been reported, for
instance Francis et al. [12] in 2009 and Solomon et al. in
2006 [13]; clearly, our targeted efforts during the last
few years to raise awareness about osteoporosis being
the ‘silent disease’ need to continue on a broad scale. It
is imperative that public health remains focused on
osteoporosis prevention per se rather than only directed
toward those who have already fractured. Given that
deficits in osteoporosis-related knowledge have also been
reported in general practice [14,15], influencing a shift
in the community’s understanding of osteoporosis will
assist in sharing the role of osteoporosis prevention
between multiple players.
One of the strengths of this study was that our infor-
mation session and the 10-item questionnaire were de-
veloped to reflect the most recent OA guidelines [8].
Whilst we employed a convenience sampling method for
recruitment, we aimed to include a larger age range of
participants by specifically targeting the invitations to in-
crease attendance by older individuals from across the
BSD. Our information session resulted in a significant
increase in knowledge change for 87% of the partici-
pants. However, we also acknowledge that five individ-
uals did not show an improvement and one participant
showed poorer knowledge following the information ses-
sion; we speculate that this may be explained by poorer
cognitive functioning and/or hearing in some of our
older participants. This study also has some limitations.
Due to the small sample size involved in this study we
acknowledge that our findings might not be generalis-
able to other groups or populations; however, we are un-
able to comment further on this as no data pertaining to
osteoporosis status or demographics were obtained. It is
also possible that the differences we detected in know-
ledge change may be due to the participation bias inher-
ent in a self-selected sample such as ours. We speculate
that attendees who chose to be involved may have had
different levels of knowledge prior to the information
session and/or different post-test scores compared to the
general population, due to a potential higher level of
interest in the topic and a willingness to learn. The short
time between the information session and the post-test
questionnaires meant that only short-term knowledge
change could be examined and thus we cannot speculate
on the longer term benefit of the forum. However, previ-
ous studies have shown that even single sessions can re-
sult in a sustained improvement in knowledge [16]. We
also acknowledge that increased knowledge is but one
component of intervention strategies that are important
for influencing behavioural change [17]. Finally, the 10-
item questionnaire used to examine knowledge change
was developed by researchers for this specific purpose,
and has not been validated. Nevertheless, it is important
to stress that the questions were based on current rec-
ommended guidelines.
Conclusion
In conclusion, we focused our information session on
translating into lay terms the currently-recommended
guidelines regarding osteoporosis prevention for the general
community and demonstrated an increase in knowledge
change over the short-term. Based on our pre-test observa-
tions, we recommend that public health messages should
continue to raise awareness regarding the asymptomatic
nature of osteoporosis, and provide greater clarity
about the types of physical activity that target bone. It
is imperative that the recommended guidelines for
osteoporosis prevention are translated into accessible
messages for the public.
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The uptake of best-practice recommendations for preventing osteoporosis is currently 
suboptimal. We investigated the role of health literacy in the uptake of prevention guidelines 
regarding physical activity, smoking, alcohol consumption and dietary calcium. 
Methods 
Data were collected for 676 women (age range 28-89 years), participating in the Geelong 
Osteoporosis Study (GOS): a population-based cohort study in south-eastern Australia. Health 
literacy was ascertained using the Health Literacy Questionnaire (HLQ), a multi-dimensional 
tool that generates scores across nine domains of health literacy.  Data concerning physical 
activity, smoking, alcohol consumption and dietary calcium were collected by questionnaire. 
Participants were considered as meeting osteoporosis prevention recommendations if they were 
a non-smoker, achieved physical activity scores at or above the median, met NHMRC 
Recommended Dietary Intake (RDI) for calcium and consumed ≤2 alcoholic drinks/day. Effect 
sizes (ES) were calculated for differences in mean HLQ domain scores between participants 
who did compared to those who did not meet each recommendation. Regression analyses were 
used to determine the effect of sociodemographic characteristics on associations between the 
nine domains of health literacy and osteoporosis prevention behaviours. 
Results 
Among 676 women, 69 (10.4%) were smokers, 160 (24.1%) consumed >2 standard drinks 
and 557 (85.0%) did not meet calcium RDIs. Meeting calcium RDI was associated with 
higher scores in HLQ domains relating to finding, or having, sufficient health information, 




that related to finding, having, and understanding health information were associated with 
exceeding alcohol intake recommendations; however, this association was not independent of 
age. Lower scores for the domain of ‘Actively managing health’ were associated with current 
smoking. Associations between a number of health literacy domains and different types of 
physical activity were observed. In particular, moderate ES were observed for differences in 
HLQ scores between women achieving scores in the ‘sport’ and ‘leisure’ categories of 
physical activity at or above the median compared to below the median. 
Conclusion 
These results suggest that particular health literacy domains are more likely to be associated 
with uptake of osteoporosis prevention recommendations regarding increased calcium intake 





Published Australian Guidelines for the prevention of osteoporosis across the lifespan 
include recommendations for adequate dietary calcium intake, weight bearing exercise, 
limiting alcohol consumption, and smoking avoidance(1). Despite these evidence-based 
guidelines, uptake of recommendations by the general public remains suboptimal(2–7). 
This is likely to increase the risk of osteoporosis and fragility fracture in later life 
resulting in adverse consequences for the individual(8) and the healthcare system(9,10). 
While this is of concern for the entire population, it is of particular importance in 
disadvantaged populations who are more likely to have low bone mineral density(11,12) 
and an increased risk for fracture(13,14). 
Previous research has been aimed at improving osteoporosis knowledge as a means to 
improving uptake of prevention behaviours (15–17). However higher osteoporosis related 
knowledge has not translated into higher rates of osteoporosis prevention behaviours 
(16,18,19). It is therefore essential that research is undertaken to explore a broader range of 
factors which may influence bone health behaviours across the lifespan to better support 
efforts to increase the uptake of lifestyle prevention guidelines. 
Health literacy, defined by the World Health Organization as ‘the cognitive and social 
skills which determine the motivation and ability of individuals to gain access to, 
understand and use information in ways which promote and maintain good health’(20), 
may play a role in the ability of individuals to seek out, understand and follow 
guidelines for osteoporosis prevention. Previous research has identified associations 
between health literacy and a range of prevention behaviours (21–25) and health literacy 




To-date, research regarding health literacy and osteoporosis has largely sought to 
establish a link between functional health literacy (basic health-related literacy and 
numeracy skills) and osteoporosis(26) or musculoskeletal disorders more generally(27,28). 
While these studies have reported potential links between specific skills associated with 
functional health literacy and bone health outcomes, they do little to inform prevention 
efforts as they fail to explore the broader range of abilities and resources required for 
management of bone health across the lifespan. A greater understanding of the health 
literacy strengths and weaknesses of individuals who are not currently adhering to 
guidelines for osteoporosis prevention may help to inform future efforts to translate 
osteoporosis prevention guidelines in ways which are accessible and support their 
uptake in individuals with lower health literacy. Addressing health literacy in this way 
may also help to reduce inequalities currently seen in bone health.  
We aimed to investigate associations between health literacy and the uptake of 
osteoporosis prevention guidelines related to adequate dietary calcium, limiting alcohol 
intake, avoiding smoking and undertaking regular weight-bearing physical activity.  
Methods 
Data were collected as part of the 15 year follow-up for women (age range 28-89 years) 
participating in the Geelong Osteoporosis Study (GOS), with the exception of health 
literacy data which were collected by mail and electronically from December 2014 until 
March 2016. Details of the GOS population and non-participation have been published 
elsewhere (7,29). In brief, the GOS is a population-based cohort located recruited from 
the Barwon Statistical Division (BSD), a geographic area in south-eastern Australia. 
Participants were randomly-selected from electoral rolls using age-stratified sampling 
techniques: the original cohort was recruited in 1993-97, and an additional group of 




was undertaken from December 2010 to October 2014 and included 849 women. 
Details of non-participation for the 15 year follow-up of women have been provided 
elsewhere (30). Of the 849 women who participated in the 15-year follow-up, 676 
returned full, or at least partial, health literacy data. Reasons for non-participation 
included; death (n=20), unable to be contacted (n=116), too old (n=12), not interested 
(n=9), illness (n=8), time restraints (n=4), left the study region (n=1), did not speak 
English (n=1), invasion of privacy (n=1), or intellectually disabled (n=1). 
Dietary calcium and alcohol intake were ascertained from self-reported responses to the 
Food Frequency Questionnaire(31), and National Health and Medical Research Council 
(NHMRC) guidelines were used to determine which participants were meeting 
Recommended Dietary Intakes (RDIs) for calcium (≥1000mg for women aged 19-50 
years, and ≥1300mg for women aged ≥ 51 years)(32), and were not exceeding 
recommended limits of alcohol intake (≤2 standard drinks/day) (33).  
Levels of physical activity were determined using age-specific questionnaires that 
enabled self-reported measures of physical activity to be scored according to three 
different categories: work/house work, sport and leisure(34,35). Scores for each domain 
were categorised as <median or ≥median of the study sample. 
Highest level of education was self-reported as one of five levels (‘Primary school or 
less’, ‘High school (not completed)’, ‘High school (completed)’, ‘TAFE/Trade’, or 
‘University’): for analyses, the ‘Primary school or less’ and the ‘High school (not 
completed)’ levels were merged due to low numbers in the former category (n=28). 
The residential address of participants were cross-matched with Australian Bureau of 
Statistics (ABS) census data for 2011, from which the Index of Relative Socio-




area-level socioeconomic status (SES). The IRSAD scores identify the level of 
socioeconomic advantage and disadvantage for areas (encompassing approximately 250 
households). Scores are calculated using a number of variables related to social 
advantage and disadvantage including income, education, employment, occupation, 
housing, ability to speak English, disability, and access to resources including the 
internet and cars(36). The IRSAD method has previously been used in analyses of the 
GOS data (37–39). IRSAD scores were categorised into quintiles based on the cut-points 
of the BSD, whereby quintile 1 the most socioeconomically disadvantaged, and quintile 
5 was the most socioeconomically advantaged.  
Health literacy scores were generated using the Health Literacy Questionnaire (HLQ), a 
multi-dimensional tool that generates scores across nine domains of health literacy from 
44-items (4-6 items per-domain) (40). Domains 1-5 were scored using a 4-point Likert 
scale (Strongly disagree, Disagree, Agree and Strongly agree) while domains 6-9 were 
scored on a 5-point Likert scale (cannot do, very difficult, quite difficult, easy, and very 
easy). Health literacy data were collected and managed using the Research Electronic 
Data Capture (REDCap) tool hosted by Barwon Health(41). Analyses were undertaken 
using SPSS version 22(42), Microsoft Excel 2013, and Minitab version 16(43). 
The expectation maximisation algorithm, as previously employed in HLQ analyses (44), 
was used to impute values for domains where there are no more than two values missing 
for 4-5 item scales and no more than three values missing from six item scales. Effect 
sizes (ES) were calculated using Cohen’s d for differences in mean HLQ domain scores 
between groups who did vs. did not meet recommendations for osteoporosis prevention. 
As HLQ scores were not normally distributed we undertook analysis of variance 
(ANOVA) using the Welch method to investigate differences in mean HLQ scores. 




analyses of HLQ data (44,45). Binary logistic regression analyses were used to determine 
the effect of sociodemographic characteristics, including age, education level and SES 
quintile, on associations between HLQ score and uptake of osteoporosis 
recommendations. 
Results 
Table 1 presents the sociodemographic characteristics for our study population. A high 
proportion of women were meeting recommendations regarding smoking and alcohol; 
however, a smaller proportion met RDIs for dietary calcium. Median scores for physical 
activity in younger women were higher across all categories than in older women, 
particularly in the sport category of physical activity where only 20.8% of women aged 
60 years and over reported undertaking any physical activity.  
Tables 2-4, inclusive, present the ES for mean differences between HLQ scores and 
osteoporosis prevention behaviours regarding dietary calcium, smoking, alcohol and 
physical activity. Only one domain, ‘Actively managing health’, showed moderate 
effect sizes, seen for the ‘sport’ and ‘leisure’ categories of physical activity in women 
aged <60 years old. All other associations showed only small ES.  
In Table 2, higher HLQ scores in domains ‘Having sufficient information’ and ‘Finding 
health information’ were associated with meeting calcium recommendation. These 
associations were not changed after adjusting for sociodemographic characteristics. In 
comparison, individuals with higher scores in those two HLQ domains, in addition to 
‘Understanding health information’, were more likely to exceed alcohol intake 
recommendations. However, associations between higher HLQ score and exceeding 




Higher scores in the ‘Actively managing health’ were associated with smoking and 
results were sustained after adjustment for sociodemographic characteristics. 
Tables 3 and 4 present associations and ES between HLQ domains and categories of 
physical activity for women stratified according to above or below 60 years of age. In 
women aged <60 years, higher health literacy scores were seen in those women who 
scored above the median for physical activity in the ‘sport’ and ‘leisure’ categories. In 
regression analyses, adjusting sociodemographic characteristics did not change 
associations between health literacy and the ‘sport’ category of physical activity in 
women aged <60 years, however, associations between the domains ‘Actively 
managing health’ and ‘Appraisal of health information’ and the ‘leisure’ category of 
physical activity were no longer seen after adjusting for SES (Figure 2). Smaller 
changes were seen for associations between domains ‘Finding health information’ 
(unadjusted OR 1.68, 95%CI 1.08, 2.61) and ‘Understanding health information’ 
(unadjusted OR 1.69, 95%CI 1.09, 2.64) and the leisure category of physical activity in 
women <60 years old after adjusting for education level (education adjusted OR 1.48, 
95%CI 0.94, 2.33 and OR 1.49, 95%CI 0.94, 2.35 respectively). In women aged ≥60 
years, adjusting regression analyses for SES did not change associations between health 
literacy domains and physical activity categories, however associations between health 
literacy domains and the ‘household’ category of physical activity were no longer seen 
after adjusting for age or education level (Figures 3 and 4). A smaller reduction in 
associations between the domain ‘Finding health information’ and the ‘leisure’ category 
of physical activity were observed after adjusting for age (unadjusted OR 1.64, 95%CI 





These findings suggest that higher scores in particular aspects of health literacy are 
associated with uptake of osteoporosis prevention guidelines regarding dietary calcium, 
smoking avoidance and undertaking specific types of physical activity. Bivariate 
analysis suggested that exceeding alcohol intake recommendations was associated with 
higher health literacy scores, however, associations were no longer observed after age 
adjustment. 
Previous research regarding the translation of osteoporosis guidelines for the general 
public has focused on interventions aimed at increasing osteoporosis prevention 
behaviours through increasing osteoporosis knowledge (15–17). While most interventions 
have reportedly increased osteoporosis knowledge (15,17,18,46), greater knowledge has 
largely failed to influence osteoporosis prevention behaviours (16,18,19). The current study 
suggests that while health literacy abilities related to health information do play a role in 
uptake of guidelines, aspects of health literacy beyond having health information are 
also important for lifestyle prevention of osteoporosis. Of particular interest are 
domains ‘Appraisal of health information’ and ‘Actively managing my health’, which 
relate to more complex ‘critical health literacy’ skills (47), were associated with leisure 
based physical activity in younger women and smoking avoidance. Critical health 
literacy skills relate to the ability to identify barriers to health behaviours and then use 
health information to overcome those barriers and gain greater control over health (48). 
Therefore, taking health literacy into account, including critical health literacy skills as 
well as functional health literacy skills, in efforts to translate osteoporosis prevention 
recommendations may improve their uptake. This applies to both healthcare providers 
communicating recommendations to patients as well as wider health promotion efforts 




While increasing knowledge alone may not improve uptake of osteoporosis prevention 
behaviours (16,18), this study suggests that finding, having, understanding and appraising 
health information have important roles to play in osteoporosis prevention, particularly 
meeting dietary calcium and physical activity recommendations. We report comparable 
findings to those previously reported, in which higher scores for particular aspects of 
health literacy were associated with physical activity(23,24,49) and diet (21,24,50). However, 
the majority of previous research used narrow measures of functional health literacy and 
investigated associations with diet more broadly rather than calcium intake specifically. 
We may speculate as to why ‘Navigating the healthcare system’ was associated with 
physical activity as part of leisure activities for women in both age groups. It may be 
that barriers to accessing healthcare may prevent women from receiving health advice 
that encourages them to take up physical activity. Low scores in this domain may also 
be indicative of a poorer ability to access and navigate services more broadly, which 
could be a barrier to becoming involved in exercise based leisure activities such as 
joining a gym or sporting club. 
The role of health literacy in physical activity level appears to also depend upon the 
type of activity measured. Associations between HLQ domains and physical activity for 
women under 60 were observed only for the ‘sport’ and ‘leisure’ domains of physical 
activity. Given that the ‘work’ domain of physical activity was not associated with 
health literacy, we may speculate that an individual’s health literacy might influence the 
type of leisure activities they participate in, than the type of occupation they hold.  
Physical activity associated with housework is similarly less likely to be influenced by 
health literacy. It is likely that associations seen between health literacy and house work 
were due to age related disability preventing older individuals in this study (previously 




models, no associations were detected between health literacy and physical activity 
related to housework. We may have expected a greater number of associations between 
HLQ domains and the ‘sport’ category of physical activity in women aged 60 years or 
older, similar to their younger counterparts. However, the small number of women in 
this age group who reported participating in any sporting activity is likely to have 
affected our power to detect an association. A larger sample of women over 60 years old 
is required to further investigate the relationship between health literacy and sport in 
this age group. 
Previous research investigating health literacy and smoking and alcohol consumption 
has shown mixed results (21,24,51–53). For instance, two previous studies have reported no 
association between health literacy and alcohol intake(24,51). However, in accordance 
with our findings, one previous study reported an inverse relationship between health 
literacy scores and alcohol consumption(52). Unlike our current study, those previous 
findings were not adjusted for age, thus, it is not possible to determine whether this 
previous finding may also be driven by age. Previous research report mixed results 
regarding smoking behaviour, whereby some studies have reported an association with 
health literacy (21,53) whilst others have not(24,51). This discordance is likely due to 
population differences and the heterogeneity between tools used to assess health 
literacy. The lack of consistency in measurement tools is an issue which has been 
identified previously as a barrier to comparing results across studies(25) with a number of  
tools found to measure varying aspects of functional health literacy(54,55). We suggest 
that further research using multidimensional measures of health literacy is required to 





Finally, a number of associations between health literacy domains and osteoporosis 
prevention behaviours reported in the current study were attenuated after adjusting for 
sociodemographic characteristics including age, education level and SES. Previous 
studies have suggested that health literacy may be a mediator in health participation and 
health outcome inequalities (25,56), thus ensuring osteoporosis guidelines are translated in 
ways which support individuals with poorer health literacy to access, understand and 
implement guidelines in their own lives may assist in reducing the socioeconomic 
differences seen in bone health outcomes (11–14). 
This study has some limitations. Data concerning health behaviours were self-reported 
and therefore subject to recall bias. Calcium supplementation was not included in 
measures of dietary intake, and therefore calcium intakes may have been under-
estimated, however, recent recommendations are to source calcium through the diet 
where possible (57). In addition, we did not assess the duration or intensity of physical 
activity, nor circulating levels of vitamin D. We cannot exclude participation bias 
related to health literacy; it is likely that this study has not captured individuals with the 
poorest health literacy who may find study participation too daunting. 
 
Conclusion 
In this study we report that health literacy regarding accessing and understanding health 
information, managing health and navigating healthcare systems are likely associated 
with the uptake of osteoporosis prevention behaviours of adequate dietary calcium 
intake, avoiding smoking and regular physical activity. Further research using the HLQ 
tool is required to determine whether similar associations exist in other populations, 
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Table 1: Participant characteristics (n=676) given as n (%) or median (IQR) 
Sociodemographic characteristics n (%) or median (IQR) missing data 
n 
Age 59.2 (46.0-92.2) 0 
Education (4 levels)  0 
 High school (incomplete) 227 (33.6)  
 High school (complete) 142 (21.1)  
 TAFE/Trade 129 (19.1)  
 University 178 (26.3)  
SES Quintiles  0 
 1 (most disadvantaged) 101 (14.9)  
 2 72 (10.7)  
 3 258 (38.2)  
 4  131 (19.4)  
 5 (most advantaged) 114 (16.9)  
Adequate calcium intake 98 (15.0) 21 
Non-smoker (current) 597 (89.6) 10 
≤2 standard drinks per day 505 (75.7) 11 
Physical activity scores  
(<60 years old n=386) 
  
 Work 2.9 (2.5-3.3) 7 
 Sport 2.0 (1.5-2.9) 5 
 Leisure 2.5 (2.3-3.0) 3 
Physical activity scores  
(≥60 years old n=286) 
  
 Household 1.8 (1.6-1.9) 4 
 Sport 0.0 (0.0-0.0) 1 









Table 2: Associations between HLQ scores and uptake of lifestyle factors associated with bone health 


































Mean score (SD)  
(score range 1-4) 
Mean score (SD)  


























































































































ES for smoking (95%CI) 0.20 (0.16, 0.35) -0.04 (-0.08, 0.12) 0.33 (0.29, 0.46) 0.22 (0.19, 0.36) 0.04 (0.00, 0.16) -0.11 (-0.15, 0.05) -0.14 (-0.19, 0.00) -0.10 (-0.15, 0.06) -0.24 (-0.29, -0.12) 
Results in bold indicate a p-value <0.05 for difference in mean scores (between binary groups of lifestyle factor) tested using one-way ANOVA 
















































Mean score (SD) 
(score range 1-4) 
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ES for leisure (95%CI) 0.12 (0.06, 0.21) 0.2 (0.15, 0.28) 0.52 (0.46, 0.61) 0.10 (0.04, 0.18) 0.34 (0.28, 0.41) 0.23 (0.17, 0.32) 0.26 (0.19, 0.34) 0.25 (0.19, 0.33) 0.25 0.19, 0.32 
Results in bold indicate a p-value <0.05 for difference in mean scores (between binary groups of physical activity levels) tested using one-way ANOVA. 














































Mean score (SD) 
(score range 1-4) 
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ES for leisure (95%CI) 0.09 (0.01, 0.17) 0.11 (0.04, 0.19) 0.05 (-0.02, 0.12) 0.04 (-0.03, 0.13) 0.19 (0.11, 0.27) 0.16 (0.06, 0.27) 0.34 (0.25, 0.46) 0.32 (0.23, 0.45) 0.39 (0.32, 0.51) 
 Results in bold indicate a p-value <0.05 for difference in mean scores (between binary groups of physical activity levels) tested using one-way ANOVA 







































































































































































































HLQ Domain Unadjusted OR 













1.58 1.51 1.50 1.42
1.61 1.48
0.61 0.61
0.94 0.99 0.85 0.83
0.58 0.59 0.70 0.63
0.79 0.75
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Abstract (300 word max) 
 
Background 
Previous research has reported poor agreement between self-reported osteoporosis and 
diagnosis based on bone mineral density (BMD) with or without previous fracture. 
Health literacy is likely to influence this association. We investigated, in older women, 
associations between health literacy and the agreement between self-reported and 
confirmed osteoporosis based upon BMD and/or combined BMD and fracture criteria. 
 
Methodology 
Women aged ≥50 years participating in the 15yr follow up of the Geelong Osteoporosis 
Study (GOS) were included in analyses (n=426). BMD was measured by dual-energy x-
ray absorptiometry (DXA) and osteoporosis was defined as BMD T-score <-2.5 at the 
hip and/or spine, or the combination of BMD in the osteopenic range and any adult 
fracture. Health literacy was ascertained using the Health Literacy Questionnaire 
(HLQ), a multi-dimensional tool that generates scores across nine independent domains. 
Using cluster analyses women were divided into four groups, each with distinct health 
literacy profiles (cluster 1=highest HLQ scores, cluster 4=lowest HLQ scores). 
Regression analyses were used to investigate associations between health literacy 
cluster and incorrect self-report of osteoporosis. Differences for mean HLQ scores 
between participants who correctly vs. incorrectly self-reported osteoporosis were 







Of the 426 participants, 114 (26.8%) incorrectly reported osteoporosis status according 
to diagnostic criteria. Clusters 4 was significantly more likely to incorrectly self-report 
osteoporosis than clusters 1 (Odds Ratio: 0.35 [95%CI 0.13, 0.92]). 
Women who correctly self-reported osteoporosis status displayed higher mean HLQ 
scores in Scale 8. ‘Ability to find good health information’ and Scale 9. ‘Understand 
health information well enough to know what to do’ (ES -0.08 [-0.15, -0.01] and ES -
0.08 [-0.17, 0.00], respectively).  
 
Conclusions 
Our results suggest that health literacy may play a role in an individual’s ability to 
correctly self-report their osteoporosis status.  
 





Previous research has reported poor agreement between self-reported osteoporosis and a 
clinical diagnosis based on bone mineral density (BMD) results, with or without 
previous fracture (1–4). The number of individuals with osteoporosis diagnosed by 
DXA who correctly self-report their osteoporosis status ranges from 28% (3) to 63% (4) 
. Compared to studies including patients undergoing DXA scans requested by their 
doctor (1, 4) a lower proportion of correct self-report has been observed in population 
based studies. (2, 3). Lack of awareness of a diagnosis of osteoporosis may have 
implications for the uptake of treatment recommendations including lifestyle 
modification (5, 6) and medication (1) to prevent fracture. While the efficacy of 
medications to reduce fracture risk is high when adhered to (7–9), adherence for those 
medications is generally poor (10).  This has implications for fracture prevention with 
significant differences in BMD shown between patients who did and did not adhere to 
prescribed medications (11).  
Although effective public health messages that provide clear recommendations and 
develop osteoporosis-related knowledge are vital in supporting efforts in osteoporosis 
prevention, it is equally important to have effective health communication between 
patient and practitioner. A diagnosis of osteoporosis needs to be accompanied by a clear 
understanding, from the patient’s perspective, of the disease and strategies for self-
management. 
Health literacy is defined by the World Health Organization as the ‘cognitive and social 
skills which determine the motivation and ability of individuals to gain access to, 
understand and use information in ways which promote and maintain good health’ (12). 
The Australian Bureau of Statistics (ABS) estimate that 59% of Australians do not 
possess the health literacy skills required for basic management of health (13). Health 




health conditions (15), however, there is currently a paucity of research regarding health 
literacy and osteoporosis.   
We have previously suggested the imperative role of health literacy in osteoporosis 
prevention, specifically lifestyle-related interventions (6) and medication adherence 
(16). Given the lack of information regarding the importance of health literacy in 
asymptomatic diseases such as osteoporosis (asymptomatic prior to fracture), we 
investigated, in older women, associations between health literacy and agreement 
between self-reported and confirmed osteoporosis based upon BMD and/or combined 




Health literacy data were collected between 2013-2016 as part of the 15 year follow up 
of women participating in the ongoing Geelong Osteoporosis Study (GOS), a 
population based cohort selected randomly from the Barwon Statistical Division in 
South-Eastern Australia (17). The current analyses included GOS women aged ≥50 
years who had sufficient data as osteoporosis becomes more common for women in this 
age group (18).   
Assessments 
Data, including BMD measured by DXA (Lunar DPX-L), were collected. In keeping 
with the previous research from Stuart et al (2), we defined osteoporosis as either a 
BMD T-score < -2.5 at the hip and/or spine (L2-L4, posterior-anterior projection), or 
the widely used clinical criteria of a combination of BMD in the osteopenic range (T-
score -1 to -2.5) plus any fracture occurring after age 20yr.  
As part of the ongoing Geelong Osteoporosis Study, participants who underwent DXA 




‘Normal’, ‘Osteopenia’ or ‘Osteoporosis’ and brief recommendations for treatment 
where appropriate. Thus, participants who had a diagnosis of osteoporosis based on 
BMD T-score alone would have received their diagnosis via report. However, study 
protocol included encouraging participants to discuss their results with their General 
Practitioner (GP), with results sent directly to health care professionals at the 
participant’s request. As commonly used clinical criteria for osteoporosis diagnosis 
includes BMD T-score in the osteopenic range plus any adult fracture, it is possible that 
participants with osteopenia plus fracture may have received a diagnosis of osteoporosis 
from their GP. Therefore, we repeated analyses including women with osteopenia plus 
fracture as having osteoporosis. 
Fracture history for participants was ascertained using radiographically confirmed data 
from the Geelong Osteoporosis Study Fracture Grid (19), as well as self-reported 
fractures. To determine self-report of osteoporosis participants were asked to select their 
past and current medical conditions from a list which included osteoporosis.   
Educational attainment was self-reported as one of 5 different categories; 
1. Primary school or less 
2. High school (not completed) 
3. High school (completed) 
4. Technical and Further Education (TAFE)/Trade school 
5. University 
Socioeconomic status (SES) was determined by cross-matching participants’ residential 
addresses to the ABS 2011 census data, and subsequently to the Index of Relative 
Socio-Economic Advantage and Disadvantage (IRSAD), using previously published 
methodology (20). The IRSAD is one of the four indices included in the suite of Socio-




advantage/disadvantage at an area level; a lower quintile indicates greater disadvantage 
and a higher quintile indicates greater advantage. 
Health literacy was measured using the Health Literacy Questionnaire (HLQ), a multi-
dimensional tool that generates scores across nine domains of health literacy (21). Each 
scale captures a different component of health literacy. The scales are: 
1. Feeling understood and supported by healthcare providers; 
2. Having sufficient information to manage my health; 
3. Actively managing my health; 
4. Social support for health; 
5. Appraisal of health information; 
6. Ability to actively engage with healthcare providers; 
7. Navigating the healthcare system; 
8. Ability to find good health information; 
9. Understand health information well enough to know what to do (21). 
Each scale score is made up of responses from between 4 to 6 questionnaire items. 
Scales 1 to 4 are scored between 1 and 4 and scales 6 to 9 are scored between 1 and 5. 
Higher scale scores represent a greater self-reported ability, confidence, or degree of 
support available for that particular aspect of health literacy. The HLQ was self-
completed by participants either in hard copy via post or online via electronic survey.  
Electronic data were collected via the Research Electronic Data Capture (REDCap) tool 




HLQ scale scores were calculated using SPSS version 22 and are reported as means 




expectation maximisation algorithm as previously undertaken by Beauchamp et al (23). 
Participants missing too many items to impute values for one or more scale scores were 
excluded from cluster analysis but were included for calculations of effect sizes (ES) for 
those scale scores that could be calculated. Hierarchical cluster analysis using Ward’s 
method was employed to group women with similar health literacy profiles and 
multivariate logistic regression analyses were used to assess the relationship between 
HLQ cluster and correct or incorrect self-report of osteoporosis status.  
Cohen’s d Effect Sizes (ES) [95%CI] were calculated for standardised differences in 
mean HLQ scale scores between participants who correctly vs. incorrectly self-reported 
osteoporosis. Cohen’s d was calculated as the difference between the two means, 
divided by the pooled standard deviation (SD) of both means with interpretation of ES 




Of the 845 women who returned for the most recent follow-up (median age: 59.5 years, 
range 29.9 years - 99.5 years) 574 were aged ≥50 years. Of these, 426 (74.2%) had 
sufficient BMD and HLQ data for inclusion in analyses. In our sample (median age 66 
years, IQR 59-74 years), more than half of participants had completed secondary school 
(55.6%), 39% of participants had sustained an adult fracture and 35 participants (8.2%) 
were identified as having osteoporosis using BMD results. Table 4 shows health literacy 
clusters for four different participant profiles of health literacy, with cluster 1 showing 
the highest HLQ scores while cluster 4 showed the lowest HLQ scores overall. Clusters 
1 and 2 contained the highest number of participants (n=201 and 144 respectively) 





Osteoporosis defined as osteoporotic BMD only 
Of the women identified as having osteoporosis defined by a BMD T-score < -2.5 at the 
hip and/or spine, 22.9% (n=8) also self-reported osteoporosis. Cluster 4 had the highest 
proportion of women incorrectly self-reporting (20%), followed by 18% of cluster 3, 
9% of cluster 2 and 8% of cluster one (Table 4). In unadjusted models and holding 
cluster 4 as referent, cluster 1 was significantly less likely to self-report osteoporosis 
status incorrectly (OR 0.35, 95%CI 0.13, 0.92). Adjusting for age, SES quintile or 
education level did not change this association (Figure 1). 
No significant associations were seen for differences between mean HLQ scale scores 
for women who did and did not self-report an osteoporosis status that agreed with their 
BMD results. However a trend (p=0.08) with a small effect size was seen for Scale 1. 
‘Feeling understood and supported by healthcare providers’ (Table 5), with individuals 
who self-reported incorrectly showing higher mean scores for this scale. 
 
 
Osteoporosis defined as osteoporotic BMD or osteopenia plus any adult fracture 
Of the participants self-reporting osteoporosis 69.2% (n=18) did not have a BMD in the 
osteoporotic range (Table 2). However, half of these women met the alternative criteria, 
used in clinical settings, of osteopenia of the hip or spine (BMD between 1 and 2.5 SDs 
below the young adult mean) combined with any adult fracture. Thus, we repeated 
analyses including women with osteopenia and plus any adult fracture as having 
osteoporosis. 
Using this definition of osteoporosis, 114 participants (26.8%) incorrectly self-reported 
their osteoporosis status. The majority of participants who incorrectly self-reported 
(92.1%) met our criteria for osteoporosis but did not self-report. Only n=9 (7.9 %) self-




After including women with BMD osteopenia plus any adult fracture in the definition of 
osteoporosis, clusters 3 and 4 still contained the greatest proportion of women self-
reporting incorrectly (35.9% and 42.9% respectively). Clusters 1 and 2 had 
comparatively fewer women self-reporting incorrectly (25.4% and 20.1% respectively) 
(Table 4). 
After including women with osteopenia plus any adult fracture in the osteoporosis 
group, both clusters 1 and 2 were significantly less likely to self-report osteoporosis 
status incorrectly compared to women in cluster 4 (OR 0.45, 95%CI 0.22, 0.95; OR 
0.34, 95%CI 0.15, 0.74). Again, adjusting for age, SES or education did not 
significantly change these associations (Figure 2). 
When women with osteopenia plus any adult fracture were included within the 
osteoporosis group, trends with small effect sizes were seen for three scales; Scale 3. 
‘Actively managing health’(p=0.09), Scale 8. ‘Ability to find good health 
information’(p=0.07) and Scale 9. ‘Understand health information well enough to know 
what to do’ (p=0.08) (Table 5). 
 
Discussion 
We report that participants who showed higher health literacy scores were less likely 
than those with the lowest health literacy scores to incorrectly self-report their 
osteoporosis status. Trends were observed with small effect sizes for differences 
between mean scores for health literacy scales related to finding and understanding 
health information and actively managing health and correct self-report of osteoporosis 
diagnosis. However when using a BMD only definition of osteoporosis we conversely 
saw higher scores for Scale 1. ‘Feeling understood and supported by healthcare 
providers’ in participants who self-reported incorrectly. This trend and small effect size 




included in the osteoporosis group. As this definition of osteoporosis is commonly used 
in clinical settings we believe it is possible that participants have received this diagnosis 
from a healthcare provider with whom they have a good relationship and are thus self-
reporting correctly to the best of their knowledge.  
Similar to previous studies (1–4), our results suggest that self-reported osteoporosis is 
likely to be an underestimation of the true prevalence of osteoporosis. However, there is 
some variation in the literature with participants in studies of patients who had 
previously undergone DXA scans more likely to self-report correctly (1, 4) than 
participants of population based studies (2, 3). As current guidelines only recommended 
DXA scans for individuals at high risk and/or with previous osteoporotic fracture, it is 
possible that factors, such as perceived fracture risk and referral for DXA scan, may 
play a role in higher rates of osteoporosis self-report in these groups. 
The results of our current study indicate that health literacy may also influence an 
individual’s ability to correctly identify their osteoporosis status. Should this be the 
case, the method of providing this information in report form may not be effective in 
reaching those who face greater health literacy barriers, particularly those who struggle 
to find and understand health information. Whilst speculative, there may be a number of 
reasons for this. For instance, it is possible that women with poorer health literacy have 
difficulty understanding the report provided after their DXA scan or do not read the 
report due to a lack of time or competing priorities. Previous research has shown that 
providing information in written form is less effective in improving medication 
adherence in osteoporosis patients than discussion of DXA results with healthcare 
professionals (25). 
Participants are also encouraged to discuss their BMD results with their regular 
healthcare provider. However, previous research has shown that osteoporosis has low 




conditions (26).  Time and costs were identified by GPs as the main barriers to 
investigation of osteoporosis (26). Given this, it may be expected that a large proportion 
of women with osteoporotic fracture would not recall being informed of their diagnosis. 
This may possibly contribute to the appearance of significant associations for cluster 2 
and trends for two of the 9 scales when women with osteopenia plus any adult fracture 
were included in the osteoporosis group. This definition is common in clinical settings 
but not within the GOS BMD reports supplied to participants. Therefore, participants 
with osteopenia and an adult fracture who do not have a discussion with a healthcare 
professional about their bone density are unlikely to receive an osteoporosis diagnosis. 
This has implications for fracture prevention as the greatest number of fractures occur in 
women with osteopenia (27) and any prior fracture increases the risk of subsequent 
fracture (28).  
Associations were not altered by including age, SES or education in the model. It is 
possible that restricting the study population to women 50 years and older already 
accounted for any effect age may have on results, however, ages still ranged from 50.2 
to 92.4 years. Education level and SES quintile also showed wide variation (Table 1). 
Thus, we believe it is possible that understanding of an asymptomatic condition such as 
osteoporosis may not show preference to any age, SES or education level in contrast to 
symptomatic diseases such as diabetes or cardiovascular disease which have greater 
salience with GPs (26) and potentially also the general public.  
 
Strengths and Limitations 
This is the first study to investigate associations between health literacy and agreement 
between self-report of osteoporosis status and BMD diagnosis of osteoporosis. The use 
of the multidimensional HLQ enabled us to examine a range of health literacy scales. 




is the radiographically determined fracture data. The population based sample originally 
selected from the electoral roll is also a strength, however these results may not be 
generalisable to the entire population as GOS participants are likely to have a higher 
level of health literacy than similarly aged women in the wider community. 
Involvement in the study requires participants to undertake activities, including 
attending clinical appointments and completing questionnaires, which require at least 
moderate health literacy abilities. This is likely to discourage those who face the 
greatest health literacy barriers from participating in the study. GOS participants also 
undergo DXA scans and receive BMD reports and are therefore more likely than the 
wider population to be aware of osteoporosis and their own osteoporosis status. Thus, 
the general population is likely to have many more individuals who struggle with poor 
health literacy and also a greater number of individuals who are unaware of their 
osteoporosis status.  
The timing of the self-report data is also a limitation of this study. Participants were 
asked to self-report osteoporosis at the same clinical appointment as the DXA scan 
which determined BMD. For this reason, participants who had developed osteoporosis 
since the previous follow up would likely be unaware of their osteoporosis status. 
Finally, the study was limited to women and would need to be replicated in men to 
determine if similar associations exist. 
 
Conclusion 
Our findings suggest that health literacy, and specifically health literacy skills 
associated with finding and understanding health information, are potentially important 
in patient understanding of osteoporosis diagnosis. This has implications for treatment 
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Table 1: Participant characteristics (n=426) Given as n (%) or Median (IQR) 
Demographic characteristics 
n% or median 
(IQR) 
Age (years) 66 (59-74) 
Adult fracture, n (%) 166 (39) 
Osteoporosis medications, n (%) 21 (4.9) 
SES Quintiles (1= most disadvantaged), n (%) 
1 73 (17.1) 
2 51 (12.0) 
3 157 (37.0) 
4 76 (17.8) 
5 69 (15.2) 
High school complete, n (%) 237 (55.6) 
Education, n (%) 
Primary school 20 (4.7) 
Secondary education (incomplete) 169 (39.7) 
Secondary education (complete) 93 (21.83) 
TAFE/Trade 68 (16.0) 
University 76 (17.8) 
Health literacy cluster  
(cluster 1 = highest health literacy), n (%)α 
1 201 (48.0) 
2 144 (34.4) 
3 39 (9.3) 
4 35 (8.4) 
BMD Osteoporosis n (%) 35 (8.2) 
BMD Osteoporosis or Osteopenia w. fracture n (%) 122 (28.6) 












Table 2: Concordance of self-reported osteoporosis and osteoporosis based upon BMD (T 
score ≥2.5 SDs below young adult mean) 
 Self-reported osteoporosis n (%)  
Osteoporosis defined as 
BMD ≥2.5 SDs below 
young adult mean 
No Yes Total 
No 373 (87.6) 18 (4.2) 391 (91.9) 
Yes 27 (6.3) 8 (1.9) 35 (8.2) 
Total 400 (93.9) 26 (6.1) 426 (100.0) 
 
 
Table 3: Concordance of self-reported osteoporosis and osteoporosis based upon BMD  (T 
score ≥2.5 SDs below young adult mean) or osteopenia (BMD (T-score -1 to -2.5) )and any 
adult (aged ≥20yr) fracture  
 Self-reported osteoporosis n (%)  
Osteoporosis defined as 
BMD ≥2.5 SDs below 
young adult mean or 
BMD (-1 to -2.5) and 
adult fracture 
 
No  Yes Total 
No 295 (69.3) 9 (2.1) 304 (71.4) 
Yes 105 (24.7) 17 (4.0) 122 (28.6) 





Table 4: Mean (SD) HLQ score by  cluster across the 9 scales 
 
 
Health Literacy Scales 















































































201 17 (8.0) 51 (25.4) 




144 13 (9.0) 29 (20.1) 




39 7 (18.0) 14 (35.9) 




35 7 (20.0) 15 (42.9) 
2.39 (0.66) 1.71 (0.62) 2.34 (0.61) 2.11 (0.70) 2.11 (0.56) 2.09 (0.49) 1.69 (0.48) 1.69 (0.40) 2.06 (0.77) 




Table 5: Mean Health Literacy Questionnaire scale scores (SD) by self-report of osteoporosis status 
 












Effect size (95%CI) 









Feeling understood and 
supported by healthcare 
providers 
3.21 (0.52) 3.36 (0.53) -0.29 (-0.34, -0.13)* 3.22 (0.50) 3.22 (0.57) 0.00 (-0.06, 0.10) 
Having sufficient information to 
manage my health 
3.06 (0.40) 3.18 (0.49) -0.29 (-0.33, -0.15) 3.06 (0.37) 3.11 (0.50) -0.12  (-0.16, -0.03) 
Actively managing my health 2.98 (0.47) 3.11 (0.58) -0.27 (-0.32, -0.10) 2.96 (0.46) 3.06 (0.53) -0.21  (-0.26, -0.11)* 
Social support for health 3.08 (0.48) 3.11 (0.58) -0.06 (-0.11, 0.11) 3.09 (0.46) 3.07 (0.56) 0.04  (-0.01, 0.14) 









Ability to actively engage with 
healthcare providers 
4.19 (0.53) 4.17 (0.61) 0.04 (-0.02, 0.22) 4.21 (0.51) 4.13 (0.62) 0.15  (0.09, 0.26) 
Navigating the healthcare 
system 
4.13 (0.53) 4.08 (0.66) 0.09 (0.04, 0.28) 4.15 (0.51) 4.06 (0.63) 0.17  (0.11, 0.28) 
Ability to find good health 
information 
4.10 (0.56) 3.95 (0.75) 0.26 (0.20, 0.48) 4.12 (0.51) 3.98 (0.73) 0.24  (0.19, 0.38)* 
Understand health information 
well enough to know what to do 
4.29 (0.50) 4.17 (0.61) 0.21 (0.18, 0.41) 4.31 (0.47) 4.20 (0.62) 0.21  (0.16, 0.33)* 








Figure 1: Incorrect self-report of osteoporosis (defined as BMD osteoporosis) by HLQ cluster 
Cluster 1= Highest HLQ scores, Cluster 4= Lowest HLQ scores  
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Figure 2: Odd ratio (95%CI) for Incorrect self-report of osteoporosis (defined as BMD osteoporosis or osteopenia plus fracture) by HLQ cluster 
Cluster 1= Highest HLQ scores, Cluster 4= Lowest HLQ scores  
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To the Editor
We noted with interest the recent Editorial by Khosla andShane(1) that drew attention to the poor uptake of, and
adherence to, therapeutic interventions in patients at risk of
fragility fracture. We wish to emphasize the authors’ statement
that highlighted the importance of ensuring patients have
access to accurate information to inform their healthcare
decisions, and we agree that the consequences of osteoporosis
and the importance ofmedication adherence are not necessarily
clear to patients. We add that health literacy is likely to play a
major role in the ability of patients to access, understand, and
apply information in order to make informed decisions about
osteoporosis treatment.
To date, very little research has been undertaken regarding
health literacy, osteoporosis, and medication adherence. One
population-based study found that individuals with osteoporo-
sis had poorer functional health literacy (health-related literacy
and numeracy skills) compared with the general population.(2)
Although another study found no association between health
literacy and medication adherence in women with osteoporo-
sis,(3) studies of people with other chronic diseases have shown
an association between lower levels of functional health literacy
and poorer medication adherence.(4)
Functional health literacy tools are limited in their ability to
capture the full breadth of the health literacy concept and focus
principally on literacy, with some including numeracy skills.(5–7)
Additional aspects of health literacy that may be important in
the decision to adhere to osteoporosis medication include the
doctor–patient relationship as well as the doctor’s ability to
impart information and an individual’s ability to understand and
appraise additional information on the risks and beneﬁts of
treatment well enough to make an informed decision. It is likely
that poor medication adherence is multifaceted and complex.
Understanding health literacy needs of individual patients
might provide greater insight into the barriers of medication
adherence, as discussed by Khosla and Shane. This may be
achieved by the application of more recently developed health
literacy tools. As an exemplar, the Health Literacy Questionnaire
(HLQ)(8) is a multidimensional measure of health literacy that
was developed using a grounded approach. The HLQ includes
nine independent domains of health literacy, and can be used to
identify an individual’s health literacy needs. This information
would inform a more person-centered approach to addressing
the problem and may be one method for improving medication
adherence and patient outcomes.
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Building and maintain bone health throughout the life course is important to prevent 
osteoporosis and fracture in later life. Recommendations have been published to 
promote healthy bone development in childhood, however, adherence to these 
guidelines is not universal. Previous research suggests that maternal health literacy may 
play a role in determining child health outcomes, although there is currently a lack of 
research regarding maternal health literacy and child behaviours which promote bone 
development.  
This study aimed to investigate associations between maternal health literacy and 
behaviours that promote bone health in mothers and their children. 
Methods:  
Health literacy data were collected using the Health Literacy Questionnaire (HLQ), for 
mothers participating in the Vitamin D in Pregnancy (VIP) study, a longitudinal cohort 
study of mother-child pairs, Maternal demographic and lifestyle information were self-
reported. Bone promoting health behaviours in the children were also reported by 
mothers. Cross-sectional associations between maternal HLQ domains and health 
behaviours in mothers and their children were investigated using regression analyses, 
ANOVA and calculation of effect sizes. 
Results:  
Lower maternal health literacy was not associated with maternal dietary calcium or 




between current smoking in mothers and lower maternal health literacy in the domains 
of ‘Having sufficient information to manage health’, and ‘Actively managing health’. 
Associations and trends were observed between low maternal health literacy and less 
time spent outdoors by children particularly for health literacy domains pertaining to 
accessing, understanding and using health information. We did not detect associations 
between maternal health literacy and dietary calcium or screen time of children. 
Conclusion:  
Results from this study suggest that maternal health literacy, particularly the ability to 
source, understand and use health information, may play a role in determining some 
behaviours that promote bone health during childhood.  
 





Behaviours that promote bone development throughout childhood are important to the 
attainment of optimal peak bone mass in early adulthood; thus providing protection 
against osteoporosis and fracture in later life (Ebeling, Daly, Kerr, & Kimlin, 2011; Janz 
et al., 2001; Weaver et al., 2016). Recommendations highlight adequate dietary calcium 
and vitamin D levels, and participation in weight bearing and high-impact physical 
activity as important in bone development during childhood (Ebeling et al., 2011). 
However, these recommendations are not universally adhered to (Dror & Allen, 2014; 
Hills, Bo Andersen, & Byrne, 2011; Jones et al., 1999). Previous research has indicated 
a relationship between maternal knowledge and maternal and child behaviours that 
promote bone health (Winzenberg, Hansen, & Jones, 2008; Winzenberg, Oldenburg, 
Frendin, De Wit, & Jones, 2006).  
Maternal knowledge is likely to influence health behaviours of the mother and child, 
both of which are plausibly influenced by maternal health literacy. Health literacy is 
defined by the World Health Organization as ‘the cognitive and social skills which 
determine the motivation and ability of individuals to gain access to, understand and use 
information in ways which promote and maintain good health’ (World Health 
Organization, 1998). There is a concerning paucity of data pertaining to maternal health 
literacy and the influence that it may have on the ability of mothers to make health 
decisions to positively influence the health behaviours of their child. In the field of 
functional health literacy, a narrow set of health-related literacy and numeracy skills, a 
small number of studies suggests the importance of maternal functional health literacy 
in children’s health outcomes. For instance, higher levels of maternal functional health 
literacy have been positively associated with health influencing behaviours including 




influencing child health outcomes (DeWalt & Hink, 2009; Yin et al., 2009). While 
functional health literacy plays a role in the broader health literacy of individuals, 
measuring only functional health literacy fails to capture the wide range of health 
literacy abilities and resources mothers require in making health-related decisions and 
supporting health promoting behaviours in their children (Jordan, Osborne, & 
Buchbinder, 2011).  
More recently, multidimensional health literacy tools have been developed to better 
understand the strengths and weaknesses of individuals and populations across a broad 
range of health literacy skills and abilities (Batterham, Hawkins, Collins, Buchbinder, & 
Osborne, 2016). However, there is currently a paucity of studies using multidimensional 
health literacy tools to understand maternal health literacy and its impact on child 
health. The use of multidimensional health literacy tools to investigate maternal health 
literacy and associations with maternal and child bone health behaviours would help 
inform future interventions to support mothers in making decisions and promoting 
behaviours in their children.  
The current study aims to investigate associations between maternal health literacy and 
maternal osteoporosis prevention behaviours as well as associations between maternal 
health literacy and child behaviours which promote bone development. 
Methods 
Participants 
Data for this study were collected at the 11-year follow-up of the Vitamin D in 
Pregnancy (VIP) study, a longitudinal study of mothers and their offspring, recruited 
from south-eastern Australia. Details of baseline recruitment and follow-up during 




Briefly, mothers were recruited prior to 16 weeks gestation from the Geelong Hospital 
antenatal clinic between 2002 and 2003, and had returned for follow-up during 2013-
2016. Of 402 mother-child pairs enrolled in the VIP study at the birth follow-up, 209 
returned for the 11-year follow-up. Of these, 194 (92.8%) mother-child pairs provided 
health literacy data for the current study.  
Data collection 
Maternal health literacy was assessed using the multidimensional health literacy 
measurement tool known as the Health Literacy Questionnaire (HLQ) (Osborne, 
Batterham, Elsworth, Hawkins, & Buchbinder, 2013). The HLQ is a 44-item 
questionnaire, which measures health literacy across nine domains: 
1. Feeling understood and supported by healthcare providers 
2. Having sufficient information to manage my health 
3. Actively managing my health 
4. Social support for health 
5. Appraisal of health information 
6. Ability to actively engage with healthcare providers 
7. Navigating the healthcare system 
8. Ability to find good health information 
9. Understand health information enough to know what to do. 
Each of these nine domains comprises 4-6 items and measures a specific facet of health 
literacy, including abilities and resources which contribute to an individual’s capacity to 
manage their own health. Domains 1-5 are scored on a 4-point scale, while domains 6-9 




Maternal dietary calcium and alcohol intake were estimated via the Cancer Council 
(Victoria) Food Frequency Questionnaire (Hodge, Patterson, Brown, Ireland, & Giles, 
2000). Mothers were categorised as adhering to or exceeding National Health and 
Medical Research Council (NHMRC) recommendations for alcohol intake not 
exceeding 2 standard drinks per day (National Health and Medical Research Council, 
2016). Maternal dietary calcium intakes were categorised  as sufficient or insufficient 
according to NHMRC guidelines of ≥1000mg for women aged 19-50 years old and 
≥1300mg for women aged ≥ 51 years old considered sufficient (National Health and 
Medical Research Council, 2014). Mothers who self-reported smoking one or more 
cigarettes per day were categorised as current smokers. Maternal education level was 
self-reported in five categories; ‘Primary school or less’, ‘High school (not completed)’, 
‘High school (completed)’, ‘TAFE/Trade’ or ‘University’. Due to small numbers, the 
first two categories of educational attainment were collapsed.  
Mothers were asked to report the number of serves of five different calcium rich foods 
their child had consumed in the previous 24 hours. Children were then categorised as 
either meeting or below the number of serves of calcium rich foods recommended in the 
Australian Dietary Guidelines with girls aged 9-11 years consuming ≥3 serves/day, boys 
aged 9-11 years consuming ≥2.5 serves/day and all children 12-13 years consuming 
≥3.5 serves/day considered to be meeting recommendations. Time spent outdoors 
during weekends and school holidays was reported on a three point scale (‘2 hours or 
less’, ‘More than 2 hours’ or ‘Just about all day’), and used as a proxy for sun exposure. 
Children with 2 or more hours outdoors were considered to be more likely than children 
spending less than 2 hours outdoors to achieve adequate levels of vitamin D. Screen 
time, which has previously shown an inverse relationship with hip bone mineral density 
(BMD) in children (Janz et al., 2001), was reported as hours per week spent watching 




Screen time of ≥2 hours/day was considered as exceeding recommendations (Houghton 
et al., 2015). 
Analyses 
Analyses of HLQ data followed methods used in previously published research 
(Beauchamp et al., 2015; Jessup, Osborne, Beauchamp, Bourne, & Buchbinder, 2017). 
Missing HLQ values were imputed using the expectation maximisation (EM) algorithm 
in SPSS version 22. This method has been utilised before, in order to calculate HLQ 
domain scores (Beauchamp et al., 2015). Effect sizes (ES) using Cohen’s d for 
differences in mean HLQ scores between groups were calculated using Microsoft Excel 
2013. All other analyses were undertaken using Minitab version 16. As HLQ scores 
followed a non-normal distribution, analysis of variance (ANOVA) using the Welch 
method was used to determine whether differences in mean HLQ scores between groups 
were significant. Multivariable regression analyses were used to investigate associations 
between health literacy scores and sociodemographic characteristics. 
Results 
Population characteristics are displayed in Table 1 for mothers (ages 30.3-54.2 years), 
and their children (ages 10.0-13.4 years). Table 2 displays mean maternal HLQ scores 
for each of the nine domains. Of the domains scored 1-4, the lowest mean scores were 
observed for the domains ‘Appraisal of health information’ and ‘Actively managing 
health’ while the highest mean score was observed for the domain ‘Social support for 
health’. The domain ‘Navigating the healthcare system’ displayed the lowest mean of 
the domains scored 1-5, while the highest was observed for the domain ‘Understand 




In multivariable analyses, maternal age was not associated with scores in any domain of 
the HLQ (data not shown); however, Figure 1 demonstrates that mothers in the highest 
education category significantly higher scores for HLQ Scale 9. ‘Understand health 
information well enough to know what to do’.  
Table 3 identifies differences in mean HLQ domain scores between mothers who did 
and did not meet recommendations for dietary calcium, alcohol and smoking. No 
significant differences were seen between the two groups using one-way ANOVA and 
regression analyses, however, a trend was observed for differences between mothers 
who were and were not current smokers for domains ‘Having sufficient information’ (p-
value 0.071) and ‘Actively managing health’ (p-value 0.095). Observed trends were also 
accompanied by small effect sizes for differences in mean HLQ scores between mothers 
who were smokers compared to non-smokers, with a small ES was also observed for the 
domain ‘Social support for health’. There were also small effect sizes for differences 
between mothers who did and did not meet calcium RDIs for the domain ‘Having 
sufficient information’. In regression analyses, adjusting for maternal age or maternal 
education level did not significantly alter results. 
Table 4 displays mean maternal HLQ scores for mothers of children meeting 
recommendations for bone development compared to mothers of children who did not 
meet recommendations. Maternal HLQ was associated with child time spent outdoors 
for domains ‘Navigating the healthcare system’, ‘Ability to find good health 
information’ and ‘Understanding health information’ with trends seen for a further two 
HLQ domains. There were no differences detected in HLQ scores for mothers of 
children meeting dietary calcium recommendations compared to mothers of children 
who did not meet recommendations or between mothers of children meeting 
recommendations regarding screen time compared with mothers of children who 
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exceeded screen-time limits. In regression analyses, associations were not altered after 
maternal age and maternal education level were added to the model. 
Discussion 
The findings of this study suggest that maternal health literacy does not appear to be 
associated with meeting dietary calcium recommendations or alcohol intake in mothers. 
A trend, and small effect sizes, were observed between lower maternal health literacy 
and current smoking. Higher maternal HLQ was associated with children’s measures of: 
increased time regularly spent outdoors, but no associations were observed for screen 
time or dietary calcium intake. All findings were independent of maternal age and 
education level. Associations were observed between educational attainment of the 
mothers and their health literacy for Scale 9. ‘Understand health information well 
enough to know what to do’.  
Previous research has reported positive associations between health literacy and 
adequate nutrition in adults  (Carbone & Zoellner, 2012; Friis, Vind, Simmons, & 
Maindal, 2016; von Wagner, Knight, Steptoe, & Wardle, 2007) with one study reporting 
associations between higher scores in the HLQ domains ‘Having sufficient information 
to manage health’ and ‘Ability to find good health information’ and adequate calcium 
intake specifically (Hosking et al., 2016). However, the current study did not identify 
any associations between maternal HLQ scores and their own calcium intake. It may be 
that women in this study with low calcium intakes experienced barriers unrelated to 
health literacy which affected their diet. The lack of observed associations between 
maternal HLQ scores and alcohol intake in our current study are similar to other 
populations, including Japanese adults (Tokuda, Doba, Butler, & Paasche-Orlow, 2009) 




regarding health literacy and smoking have been equivocal.  Whereas studies from 
Denmark and Japan have reported no association (Friis et al., 2016; Tokuda et al., 
2009),  a previous study of women, in the same region as the current study reported an 
association between smoking behaviour and scores in the HLQ domain ‘Actively 
managing health’, one of the two domains to show a trend in the current study 
(Hosking, Pasco, Beauchamp, Buchbinder, & Brennan-Olsen, 2017). These data suggest 
that the ability to actively manage health may play a role in smoking behaviours of 
Australian women. 
Findings of the current study suggest that maternal health literacy has a limited effect on 
child behaviours which are recommended to promote healthy bones. Associations 
between greater time spent outdoors and higher scores for three HLQ domains, as well 
as trends with small effect sizes observed for two more domains, suggest that maternal 
health literacy may influence physical activity levels and sun exposure and therefore 
potentially the children’s vitamin D levels. Furthermore, all but one of the five HLQ 
domains to display an association or trend for child time spent outdoors measured an 
ability related to health information. This suggested that health literacy abilities required 
to find, understand and use health information may be the most important in ensuring a 
child spends an adequate amount of time outdoors. However, it should be noted that this 
study did not collect data regarding maternal knowledge of risks associated with sun 
exposure or use of sun avoidance measures such as sunscreen or covering up with 
clothing, which may influence outdoor time and sun exposure. Further research is 
required to better understand the relationship between maternal health literacy and 
ability to understand and act upon health messages regarding sun exposure that are 




Whilst we did not observe associations between maternal HLQ scores and child calcium 
intake or screen time, this may be expected, given that as children grow and learn to 
take make independent decisions, their own health literacy abilities begin to develop 
(Manganello, 2008). Therefore, it is possible that the children included in this study 
were of an age at which their own health literacy may play a greater role in shaping 
their health behaviours.  
We acknowledge that this study has strengths and limitations. A major strength is the 
use of a multidimensional health literacy tool to investigate a range of maternal health 
literacy abilities in relation to behaviours that influence bone health relevant to both 
mothers and children. However, small sample sizes may have limited our ability to 
detect associations between maternal health literacy and all health behaviours explored, 
particularly between maternal health literacy and smoking behaviours in mother and 
time spent outdoors by children. Data collected using questionnaires relied on self-
report or mother’s report on behalf of the child and are therefore subject to bias. 
Measures of dietary calcium did not take into account supplementation, however, recent 
recommendations suggest that, when possible, calcium should be obtained primarily 
from dietary sources (Osteoporosis Australia, 2017). We used estimates of screen time 
and time spent outdoors as a surrogate indication of sun exposure and physical activity 
in children, and acknowledge that direct measures of serum vitamin D levels and 
physical activity would have been desirable. Finally, this sample was recruited from the 
pre-natal clinic of one hospital at one time-point and may not be representative of 
mothers and children living in this region and elsewhere. 
Conclusion 
Within these constraints, however, results from this study suggest that maternal health 




the mothers and the children. For mothers, their health literacy may play a role in 
decisions related to smoking but not dietary calcium or alcohol intakes. In older 
children, maternal health literacy may play a role in the amount of recreational time a 
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Table 1: Characteristics of mother-child pairs for the total sample (n=194) 
 Mean (±SD) 
or n (%) 
Missing 
data (n) 
Maternal    
 Age 41.5 (4.4) 0 
 Highest level of education  0 
  High school incomplete 32 (16.5)  
  High school complete 31 (16.0)  
  TAFE/Trade 63 (32.5)  
  University 68 (35.1)  
 ≥Calcium recommendations 47 (24.7) 4 
 ≤2 standard drinks/day 111 (58.7) 4 
 Non-smoker 150 (78.5) 3 
Child   
 Age 11.1 (0.6)  
 ≥Calcium recommendations 131 (68.6) 3 
 >2hrs spent outside/day 152 (79.6) 3 








Table 2: Maternal Health Literacy Questionnaire scores (Mean, SD) for total sample 
n=194 
Scale HLQ Scale Mean (±SD) 
Missing 
data (n) 
  Range 1-4 
(lowest - highest) 
 
1 
Feeling understood and supported by 
healthcare professionals 
3.19 (0.50) 0 
2 
Having sufficient information to manage 
my health 
3.15 (0.43) 0 
3 Actively managing my health 
2.95 (0.51) 
0 
4 Social support for health 3.22 (0.48) 0 
5 Appraisal of health information 2.93 (0.49) 0 
  
Range 1– 5 
(lowest - highest) 
 
6 
Ability to actively engage with healthcare 
professionals 
4.23 (0.49) 1 
7 Navigating the healthcare system 4.17 (0.51) 1 
8 Ability to find good health information 4.24 (0.47) 1 
9 
Understand health information well 
enough to know what to do 













































well enough to 
know what to 
do 
 Mean score (SD) 




3.18 (0.48) 3.12 (0.43) 2.96 (0.52) 3.21 (0.45) 2.94 (0.46) 4.22 (0.48) 4.16 (0.51) 4.25 (0.47) 4.32 (0.46) 
≥Recommendations 
n=47 
3.22 (0.58) 3.22 (0.45) 2.95 (0.51) 3.22 (0.58) 2.88 (0.59) 4.26 (0.55) 4.21 (0.53) 4.25 (0.50) 4.37 (0.52) 




3.16 (0.55) 3.13 (0.42) 2.92 (0.52) 3.19 (0.46) 2.89 (0.52) 4.22 (0.54) 4.20 (0.53) 4.28 (0.48) 4.33 (0.48) 
≤2 drinks/day 
n=111 
3.21 (0.47) 3.17 (0.45) 2.98 (0.51) 3.23 (0.50) 2.95 (0.47) 4.24 (0.46) 4.16 (0.51) 4.22 (0.47) 4.34 (0.47) 




3.17 (0.51) 3.04 (0.41)* 2.85 (0.44)* 3.14 (0.51) 2.92 (0.48) 4.21 (0.53) 4.11 (0.54) 4.23 (0.43) 4.32 (0.43) 
Non-smoker 
n=150 
3.19 (0.50) 3.18 (0.44)* 2.99 (0.53)* 3.24 (0.47) 2.93 (0.49) 4.24 (0.49) 4.19 (0.51) 4.25 (0.49) 4.33 (0.49) 
ES for screen time (95%CI) 0.04 (-0.04, 0.15) 0.32 (0.25, 0.44) 0.27 (0.19, 0.40) 0.21 (0.13, 0.36) 0.02 (-0.05, 0.17) 0.06 (-0.02, 0.22) 0.15 (0.07, 0.31) 0.04 (-0.04, 0.17) 0.03 (-0.04, 0.17) 
Results in bold indicate a p-value <0.05 for difference in means tested using one-way ANOVA. 
* Indicates a trend that did not reach significance, p-value <1.0 















































well enough to 
know what to 
do 
 Mean score (SD) 




3.17 (0.57) 3.19 (0.44) 3.01 (0.54) 3.3 (0.48) 2.91 (0.49) 4.21 (0.50) 4.18 (0.49) 4.27 (0.39) 4.35 (0.43) 
≥Recommendation 
n=131 
3.20 (0.47) 3.13 (0.43) 2.93 (0.50) 3.19 (0.48) 2.93 (0.49) 4.24 (0.50) 4.17 (0.53) 4.23 (0.51) 4.32 (0.49) 





3.11 (0.49) 3.05 (0.38)* 2.86 (0.51) 3.13 (0.39) 2.82 (0.44)* 4.15 (0.43) 4.00 (0.47) 4.10 (0.38) 4.18 (0.40) 
≥2hrs 
n=152 
3.21  (0.51) 3.18 (0.44)* 2.98 (0.51) 3.24 (0.50) 2.96 (0.50)* 4.25 (0.51) 4.22 (0.52) 4.28 (0.49) 4.37 (0.49) 




3.19 (0.53) 3.14 (0.47) 2.95 (0.53) 3.22 (0.48) 2.92 (0.50) 4.21 (0.52) 4.14 (0.54) 4.22 (0.48) 4.32 (0.48) 
<2hrs 
n=48 
3.15 (0.42) 3.18 (0.33) 2.99 (0.48) 3.17 (0.48) 2.92 (0.46) 4.28 (0.42) 4.26 (0.44) 4.30 (0.47) 4.36 (0.45) 
ES for screen time (95%CI) -0.08 (-0.20, 0.00) 0.09 (-0.01, 0.16) 0.08 (-0.05, 0.17) -0.11 (-0.25, 0.03) -0.01 (-0.14, 0.08) 0.15 (0.03, 0.23) 0.24 (0.12, 0.33) 0.16 (0.03, 0.24) 0.09 (-0.04, 0.17) 
Results in bold indicate a p-value <0.05 for difference in means tested using one-way ANOVA. 
* Indicates a trend that did not reach significance, p-value <1.0 
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Discussion 
The overarching objective of this thesis was to investigate the relationship between 
health literacy and prevention of osteoporosis in women. The results chapters of this 
thesis have presented, and discussed, the findings of separate analyses in detail; 
therefore, this discussion will summarise the main findings of each chapter, 
particularly in context of one another, while also considering the strengths and 
limitations of this program of research. This discussion will also reflect upon the 
potential implication of these findings for the prevention of osteoporosis in 
populations with low health literacy and suggest potential avenues for future 
research. 
In aggregate, findings presented in this thesis suggest that health literacy is important 
for the uptake of preventive behaviours for osteoporosis. A visual overview of these 
findings is presented in Figure 10.1. As indicated in Circle 1, results from the 
Vitamin D in Pregnancy (VIP) study suggest a relationship between low maternal 
health literacy and less time spent outdoors by children. Similarly, in Circle 3, results 
from the Geelong Osteoporosis Study (GOS) indicate a relationship between low 
health literacy and poorer uptake of specific lifestyle recommendations for the 
prevention of osteoporosis in women aged 28 to 89 years. In older GOS women, 
lower health literacy scores were associated with a greater likelihood of being 
unaware of their osteoporosis status (Circle 4), indicating that older women with 
poorer health literacy are potentially less likely to adequately manage their 
osteoporosis to prevent a fragility fracture. Collectively, the results of this thesis 
indicate that poorer health literacy in women is associated with poorer uptake of 
osteoporosis prevention behaviours across the lifespan and this has the potential for 
increasing the risk of osteoporosis and fragility fracture in later life.  
Chapter Ten: Discussion 
201 
 
1. Maternal influence 
on child bone health 
Maternal health literacy 
associated with 
Child outdoor time 







3. Lifestyle prevention of 
osteoporosis in adult women 
   Health literacy 
associated with 
   Dietary calcium 
   Physical activity 
   Smoking 
6. Age, SES and 
education level 
associated with health 
literacy and bone 
health across the 
lifespan 
4. Awareness of 
osteoporosis status in older 
women  
   Health literacy 
associated with 
   Likelihood of correct self-
report of osteoporosis status 
5. Management of 
osteoporosis  





Figure 10.1: Associations between low health literacy and the development of osteoporosis across the 
lifespan. 
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Health literacy and social disadvantage 
In addition to investigating associations between health literacy and osteoporosis 
prevention behaviours across the lifespan, this thesis also aimed to investigate 
associations between health literacy and sociodemographic characteristics.  
As outlined in Figure 10.1, Circle 6, associations were observed between health 
literacy scores and sociodemographic characteristics including age, socioeconomic 
status (SES) and level of education. Lower education was largely associated with 
lower health literacy scores in both the GOS population (Chapter Three) and the VIP 
study population (Chapter Nine) with a small number of domains displaying biphasic 
associations between health literacy and education.  Similarly lower SES was, for the 
most part, associated with lower health literacy scores in the GOS population 
(Chapter Three) with biphasic associations seen for a small number of domains.  
These findings are of particular significance in the context of osteoporosis prevention 
as social disadvantage has previously been associated with poorer uptake of 
osteoporosis related healthcare (1), lower BMD (2–4), and increased likelihood of 
fracture (5). Previous research has shown that health messages communicated in 
ways that do not address the needs of disadvantaged populations are likely to result 
in improved health behaviours in more advantaged groups, increasing health 
inequities (6). For this reason it is important that public health efforts to improve 
uptake of osteoporosis prevention messages are designed to be accessible to 
disadvantaged populations. It has been suggested that the link between social 
disadvantage and poorer health may in part be attributed to low health literacy (7,8), 
thus addressing low health literacy in the translation of osteoporosis prevention 
messages may reduce disparities in bone health outcomes.  
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Critical health literacy, which refers to abilities required to identify and overcome 
barriers to health, is likely to be essential in addressing inequities in bone health 
outcomes. Health literacy domains associated with critical health literacy include; 
‘Appraisal of health information’, ‘Actively managing my health’ and ‘Social support 
for health’ (9). As discussed in the following section, lower scores in two of these 
domains (‘Actively managing health’ and ‘Appraisal of health information’) were 
often associated with poorer uptake of osteoporosis prevention recommendations. 
This may indicate a need to support individuals in appraising osteoporosis prevention 
information to determine quality and usefulness, and to ensure individuals are 
motivated and engaged in actively implementing recommendations to manage their 
own bone health. Addressing these health literacy domains in the delivery of 
osteoporosis prevention messages and related healthcare may assist in reducing the 
inequities in bone health outcomes. However, as a range of health literacy skills are 
generally required to undertake health related tasks, to ensure the greatest impact 
upon uptake of osteoporosis prevention recommendations interventions must also 
address low levels of functional and interactive skills in translating prevention 
messages and delivering related healthcare.  
Increasing age was associated with lower health literacy scores in the GOS 
population (Chapter Three), but not the VIP study population (Chapter Nine). This is 
likely due to the younger age and narrow age range of women in the VIP study 
compared to those in the GOS. As osteoporosis and fragility fracture become more 
common with older age, age disparities in health literacy are an important 
consideration in the communication between healthcare providers and patients 
regarding osteoporosis diagnosis and management.  
Domains of health literacy and associations with osteoporosis prevention 
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Previous research regarding health literacy and osteoporosis has been limited by the 
use of tools which measure only functional health literacy. This thesis has expanded 
upon the existing evidence base in its use of a multidimensional health literacy tool 
that measures health literacy strengths and weaknesses across multiple domains. This 
highlights which aspects of health literacy are of greatest importance in the 
prevention of osteoporosis informing future efforts to improve osteoporosis 
prevention, particularly for individuals with low health literacy. 
The results of this thesis provide evidence that lifestyles for the prevention of 
osteoporosis are practised by those with higher scores in health literacy domains 
related to sourcing and understanding health information and self-management of 
health; of lesser importance were the domains regarding access to healthcare and 
communication with healthcare providers. This is likely due to the setting in which 
lifestyle prevention of osteoporosis occurs. For instance, while it is possible that 
healthcare providers may give advice on maintaining bone health, lifestyle 
prevention of osteoporosis happens largely in the community rather than within 
healthcare settings. Thus, an individual’s own abilities to source, understand and use 
health information to actively manage their health in day-to-day life are likely to 
have a greater influence on the uptake of prevention recommendations. 
While the prevention behaviours investigated were associated with higher HLQ 
scores in different domains, and results across the two different study population 
were not consistent, some domains of health literacy were more frequently associated 
with osteoporosis prevention behaviours than others. Associations and trends were 
most frequently observed between osteoporosis prevention behaviours and higher 
scores in health literacy domains regarding health information, including the domains 
‘Having sufficient health information’, ‘Ability to find good health information’, 
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‘Understanding health information’ and to a lesser extent ‘Appraisal of health 
information’. In GOS women, higher scores in HLQ domains regarding information 
were associated with adequate dietary calcium intake and leisure-based physical 
activity, and in older GOS women, were also associated with self-reporting an 
osteoporosis diagnosis consistent with BMD results. Results from the VIP study 
indicated that higher maternal HLQ scores in domains regarding finding and 
understanding health information were associated with increased outdoor time in 
children. These findings suggest that abilities relating to accessing and understanding 
health information may be important in supporting the uptake of and adherence to 
osteoporosis recommendations as well as understanding an osteoporosis diagnosis. 
The domain ‘Actively managing health’ displayed significant associations or trends 
with small effect sizes a number of times throughout this thesis. In particular, 
smoking was associated with lower scores for the domain ‘Actively managing health’ 
in GOS women, with a trend observed for the same domain in VIP study mothers. 
The domain ‘Actively managing health’ was also associated with higher scores for 
‘sport’ and ‘leisure’ categories of physical in GOS women under 60 years old. These 
results indicate that abilities required to manage health in day-to-day life are likely to 
be important to the uptake of osteoporosis prevention guidelines regarding smoking 
and physical activity.  
Domains relating to accessing healthcare displayed the fewest associations with 
osteoporosis prevention behaviours across the two studies. The domain ‘Feeling 
understood and supported by healthcare providers’ and was not associated with any 
osteoporosis prevention behaviours, while the higher scores for the domain ‘Ability 
to actively engage with healthcare providers’ were only associated with increased 
leisure based physical activity in GOS women under 60 years old. The sole domain 
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related to healthcare that displayed associations with more than one osteoporosis 
prevention behaviour was the domain ‘Navigating the healthcare system’. Higher 
scores in this domain were associated with higher scores in the ‘leisure’ category of 
physical activity for both age groups of GOS women and the ‘household’ category of 
physical activity in GOS women over 60 years old. An association was also observed 
for higher maternal HLQ scores in the domain ‘Navigating the healthcare system’ 
and increased time spent outdoors by the child. It is possible that poorer ability to 
navigate the healthcare system and actively engage with healthcare providers may 
prevent women from receiving and understanding the importance of healthcare 
advice regarding osteoporosis prevention. However, lower scores in this domain may 
also indicate poorer ability to navigate systems more broadly which could potentially 
prevent women from becoming involved in physical activity that requires navigating 
systems such as joining a gym or sporting club.  
As lifestyle prevention of osteoporosis occurs largely in the community it could be 
assumed that the health literacy domain ‘Social support of health’ would be 
important in supporting the uptake of prevention recommendations. However, 
throughout this thesis no associations were reported between scores in this domain 
and osteoporosis prevention behaviours. It is possible that social support has no 
effect on the uptake of osteoporosis prevention behaviours; however, it is also 
possible that the lack of associations relate to the HLQ items which make up the 
domain ‘Social support for health’. Of the five items that make up this domain, three 
may be interpreted as questions regarding social support in a time of poor health; 
 When I feel ill, the people around me really understand what I’m going 
through 
 If I need help, I have plenty of people I can rely on 
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 I have at least one person who can come to medical appointments with me 
Only two items refer to social support for health in more broad terms; 
 I can get access to several people who understand and support me 
 I have strong support from family and friends 
Therefore it is possible that the type of social support captured by this domain relates 
more to support in times of health crisis rather than support for healthy behaviours in 
day-to-day life.  
 
Strengths and Limitations 
This thesis has several major strengths. Health literacy was assessed using a 
multidimensional tool thereby making an important contribution to the evidence-base 
for an area of inquiry with limited previous research. Data from the GOS were 
collected from a population-based sample of women, who had been selected at 
random from electoral rolls and not on the basis of disease. Furthermore, the GOS 
women and mothers enrolled in the VIP study were drawn from the same 
geographical region. 
There are also some limitations to acknowledge. Data regarding uptake of 
osteoporosis prevention behaviours including dietary calcium, alcohol intake, 
physical activity levels and smoking were collected via self-report and are therefore 
subject to bias. Additionally, not all osteoporosis prevention recommendations were 
investigated. Adequate Vitamin D levels are also recommended for the prevention of 
osteoporosis; however, Vitamin D levels of study participants were not measured.  
Requirements of participation in a longitudinal study such as being able to complete 
questionnaires and book and attend clinical appointments, involve some level of 
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health literacy ability. The GOS and VIP study teams aimed to reduce the burden on 
participant health literacy by offering the option of completing questionnaires via 
interview and/or conducting home visits, however, it is still likely that individuals 
with the lowest levels of health literacy were not recruited or retained in the studies. 
Therefore, these results may not be representative of the entire population, nor may 
they be generalisable to other populations.  
Finally, it is possible that health literacy might have changed during the short time 
interval between the 15-year follow-up assessments for GOS women and their 
responses to the HLQ.   
 
Implications  
Despite its limitations, these data make a meaningful addition to the evidence-base 
and take steps toward addressing gaps in the current literature regarding the role of 
health literacy in the prevention of osteoporosis. It is hoped that these findings will 
help improve the translation of osteoporosis prevention recommendations for the 
broader community.  
The findings of this thesis indicate that poorer health literacy abilities regarding 
finding and understanding health information and actively managing health may 
present barriers to the uptake of lifestyle recommendations for osteoporosis 
prevention and understanding an osteoporosis diagnosis.  
Future efforts to translate osteoporosis prevention messages for the general public 
need to consider individuals with low health literacy in the design of programs to 
improve uptake of osteoporosis prevention recommendations (6). Our research 
suggests that future efforts to improve osteoporosis prevention should place 
emphasis on understanding how individuals with low health literacy source, 
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understand and use health information to ensure messages are relayed through 
channels and in formats likely to be accessed and understood by those at greatest 
risk. For example, a webpage listing recommendations for osteoporosis prevention is 
likely to be viewed by individuals competent in sourcing and understanding health 
information. Reaching individuals who struggle to access and understand health 
information is likely to require seeking and actively involving at risk groups and 
presenting information in ways that are easily understood. The public information 
event evaluated in Chapter Four is an example of this (10). Community groups in 
disadvantaged neighbourhoods were involved in the development of the information 
session and in creating a visual tool used to present osteoporosis prevention 
recommendations for attendees (11). As discussed in Chapter Four, this method of 
translating osteoporosis recommendations resulted in an increase in knowledge of 
recommendations among attendees (10). 
Similarly, general practitioners and other healthcare providers also need to be aware 
of the health literacy limitations of their patients when communicating a diagnosis of 
osteoporosis. Results of this thesis indicate that individuals who struggle to find and 
understand health information are less likely to correctly identify their osteoporosis 
status.  
Future directions 
While the results of this thesis contribute significantly toward the previously limited 
evidence-base regarding health literacy and osteoporosis prevention, there are many 
avenues for future research.  
Early life, including in utero (12–14), infancy and early childhood, is a critical time 
for bone development (15–17), and mothers play an important role in determining 
the trajectory of their child’s bone development. While this thesis investigated 
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associations between maternal health literacy and behaviours that support bone 
health in older children, further research is required regarding maternal health 
literacy and offspring bone development during pregnancy, infancy and early life. 
Similarly, adolescence and early adulthood are also critical periods for bone mineral 
deposition (18). Therefore, as suggested in Figure 10.1, Circle 2, a greater 
understanding of associations between adolescent and young adult health literacy and 
health behaviours which support bone development, would inform efforts to improve 
uptake of those behaviours.  
At the other end of the spectrum, in older individuals who are diagnosed with 
osteoporosis, preventing fragility fractures through medications to avoid further bone 
loss and/or promote bone apposition becomes important. Currently, the uptake and 
adherence to medications for the management of osteoporosis is suboptimal(19). 
Previous research has reported associations between health literacy and medication 
adherence in other chronic disease (20); however there is a paucity of data regarding 
health literacy and adherence to osteoporosis medications (Figure 10.1, Circle 5). 
Research investigating the associations between health literacy and uptake and 
adherence to medications in individuals with osteoporosis would help to inform 
effective communication between healthcare professionals prescribing osteoporosis 
medications and patients with osteoporosis potentially improving medication uptake 
and adherence. 
In addition, this thesis has investigated associations between health literacy and 
osteoporosis in women. However, osteoporosis also affects approximately 80,000 
men in Australia (21), and 39% of all osteoporotic fractures worldwide occur in men 
(22). Fractures in men have been associated with reduced psychological and physical 
quality of life (23) and men are at greater risk of mortality post-hip fracture than 
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women (24). Thus, osteoporosis prevention in men is an important area of inquiry 
and analyses for investigating associations between health literacy and osteoporosis 
prevention in women should be replicated in men to inform osteoporosis prevention 
efforts across the entire population.  
Finally, the data presented within this thesis has highlighted the role health literacy is 
likely to play in the uptake of osteoporosis prevention behaviours in women. The 
next step in this pathway is to develop and evaluate strategies to improve uptake of 
osteoporosis prevention behaviours in women, particularly women with lower health 
literacy. This process will require the rigorous design and implementation of 
intervention studies designed to understand and respond to health literacy needs in 
delivering osteoporosis related information and healthcare. The Ophelia process 
provides a model for the way robust intervention studies may be designed to respond 
to health literacy needs for greater health equity (25,26). 






In conclusion, this thesis has provided evidence suggesting the important role of 
health literacy when considering translating lifestyle-specific prevention 
recommendations for women and children, and in communicating a diagnosis of 
osteoporosis to older women.  
Findings of this thesis indicate that women with lower health literacy are less likely 
to meet dietary calcium recommendations or participate in physical activity, and are 
more likely to smoke. Additionally, children of mothers with low health literacy are 
less likely to spend time outdoors, potentially reducing sun exposure and therefore 
negatively impacting vitamin D levels that are important in bone development. Older 
women with lower health literacy were also less likely to be aware of their 
osteoporosis status, potentially reducing the likelihood of women with low health 
literacy to access treatment, and therefore limiting their ability to avoid fragility 
fracture.  
Moreover, this thesis has reported that lower health literacy in domains regarding 
finding, understanding and using health information and actively managing health, 
are frequently associated with poorer uptake of osteoporosis prevention behaviours. 
Health literacy domains related to accessing healthcare, communicating with 
healthcare providers and having adequate social support for health appear to be less 
significant in the prevention of osteoporosis.  
These findings suggest that translation of osteoporosis prevention recommendations 
needs to occur in ways that are accessible and easily understood by women with low 
health literacy. Chapter 4 provides one example of a creative and novel approach to 
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translating osteoporosis prevention messages in a way that is accessible to 
individuals with poorer health literacy. However, further work is required to develop 
and evaluate evidence-based, well-designed complex interventions to improve uptake 
of osteoporosis prevention messages in individuals with low health literacy. 
Additionally, healthcare providers need to ensure an osteoporosis diagnosis is 
communicated in a way that ensures individuals with low health literacy are able to 
understand.  
The findings of this thesis have contributed to the existing evidence-base by to 
providing data that suggest a relationship between health literacy in women and 
osteoporosis prevention throughout life; however, further research is required to 
determine whether similar associations exist in different age groups including 
adolescent girls and mothers of infants/young children.  
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Participant Information and Consent Form 
Full Project Title: 92/01 The epidemiology of osteoporosis in Australia: a population-
based study in Geelong. (Kotowicz MA) and 00/56 Male Osteoporosis: A population-based 
study in Geelong (Pasco JA). 
Extension study: 92/01_E7 and 00/56_E2: Geelong Osteoporosis Study: a prospective 
study beyond twenty years. 
Principal Researchers: 
Julie A Pasco, Geoff C Nicholson, Mark A Kotowicz, Michael Berk 
1. Introduction
You are invited to take part in this research project, which is a sub-section of the 
Geelong Osteoporosis Study, for which you have previously consented. 
This Participant Information and Consent Form contains detailed information about this 
follow-up component of the Geelong Osteoporosis Study research project. Its purpose is 
to explain to you as openly and clearly as possible all the procedures involved in this 
project before you decide whether or not to take part in it. 
Please read this Participant Information and Consent Form carefully. Feel free to ask 
questions about any information in the form. 
Once you understand what the project is about and if you agree to take part in it, you 
will be asked to sign the Consent Form. By signing the Consent Form you indicate that 
you understand the information and that you give your consent to participate in the 
research project. You will be given a copy of the Participant Information and Consent 
Form to keep as a record. 
2. What is the purpose of this research project?
This study is designed to provide information about osteoporosis and other disorders. The 
aims of the study are to determine: 
x risk factors for low bone mass, fracture and other disorders such as obesity, diabetes
and cardiovascular disease
x bone quality and bone mass using ultrasound (sound wave) measurements of the
heel
x body composition using bone densitometry, measures of body dimensions and
skinfold thickness
x associations between mental health, well-being variables and physical disorders such
as osteoporosis.
Approximately 2800 men and women will participate in this phase of the project. 
GEELONG OSTEOPOROSIS STUDY
Epidemiology Unit for Musculoskeletal & 
Metabolic Disorders
School of Medicine, Deakin University
PO BOX 281, GEELONG, VIC 3220
TELEPHONE (+61 3) 42153333/42153331
FACSIMILE: (+61 3) 42153491
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3. What does participation in this research project involve?
Your participation in this project will involve completion of questionnaires, an interview 
and physical measurements as follows: 
x questionnaires will seek information concerning risk factors for the development of
osteoporosis and other disorders. There will be comprehensive questions concerning
your physical and mental health, well-being, medication history, diet, falls, fractures,
exercise patterns and lifestyles. As it may be necessary to confirm your self-reported
medication use, health services utilisation and medical history, we will also seek your
permission to access your medical records and Medicare records; you may withhold
consent for this, if you wish.
x you will also be asked a series of questions relating to aspects of your feelings,
thoughts and behaviour. Disorders such as depression have a severe impact on a
significant proportion of the population. An increased understanding of these
disorders is essential in order that preventions and treatments may be developed.
x a clinical assessment will include measurement of your blood pressure, height, weight
and waist and hip circumferences.
x a scan which measures your bone mass in the spine, hip, forearm and total body to
measure the calcium content of your bones, and the amount of fat and lean tissue in
your body, using a dual energy x-ray densitometer. The painless procedure takes
approximately half an hour while you are lying on an x-ray table.
x an ultrasound measurement at the heel. During this procedure you will be required to
place your foot in the ultrasound machine for a few minutes.
x a handgrip test that will assess your strength. It is measured with a manual grip
tester, requiring you to apply pressure to close a hand-held meter with your hand.
x measurement of skinfold thickness (‘pinch test’) with callipers for assessing body fat.
Providing ongoing funding is available, we plan to recall you for assessment at five-yearly 
intervals. Data from this study may be used as reference data to identify risk factors for 
other diseases. Parts of this study may also be used for the purposes of obtaining an 
academic qualification. In the event that we establish collaborations (partnerships) with 
other researchers and/or commercial partners, your information and samples may be 
used for further research into metabolic and psychiatric disorders. For such partnerships 
to work, it is important that you assign ownership of all the information to the Geelong 
Osteoporosis Study research team. You may withhold consent for your information to be 
used by collaborators if you wish. 
4. What are the possible benefits?
We cannot guarantee or promise that you will receive any benefits from this project but 
the information from the study may benefit people in the future. 
5. What are the possible risks?
This research study involves exposure to a very small amount of radiation from the DEXA 
scans, that you would not normally receive. As part of everyday living, everyone is 
exposed to naturally occurring background radiation and receives a dose of about 2 
millisieverts (mSv) each year. The effective dose you will receive from all the x-rays in 
this study will be approximately 0.042 mSv. At this dose level, no harmful effects of 
radiation have been demonstrated as any effect is too small to measure. The risk is 
believed to be minimal. 
The ultrasound measurement is a rapid, painless procedure, not involving x-rays. 
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6. Do I have to take part in this research project?
Participation in this research project is voluntary. If you do not wish to take part, you do 
not have to. If you decide to take part and later change your mind, you are free to 
withdraw from the project at a later stage. If you decide to leave the project, the 
researchers would like to keep the personal and/or health information about you that has 
been collected. This is to help them make sure that the results of the research are 
accurate. Similarly, if you provide a body scan as part of this project, the researchers 
would like to retain this. However, if you do not wish for your information to be retained, 
you must tell a researcher before you withdraw from the project. Your decision whether 
to take part or not, or to take part and then withdraw, will not affect your routine 
treatment, your relationship with those treating you or your relationship with Barwon 
Health (The Geelong Hospital) or Deakin University. 
Before deciding whether or not to take part, you may wish to discuss the project with a 
relative or friend or your local health worker. Similarly, before you make your decision, a 
member of the research team will be available so that you can ask any questions you 
have about the research project. Once you feel confident that you have all the required 
information, you may then sign the Consent Form. 
7. How will I be informed of the final results of this research project?
Periodically you will be sent newsletters summarising research findings and informing you 
of the progress of the project. Bone mineral density results will be routinely sent to you 
and your doctor if you request it. 
8. What will happen to information about me?
Any information obtained in connection with this research project that can identify you 
will remain confidential and will only be used for the purpose of this research project. Use 
of any information obtained in connection with this research project for future studies can 
only be used upon further approval from the Human Research Ethics Committee. The 
information will be retained for a minimum of 7 years after the completion of the study, 
in accordance with the Australian Code for the Responsible Conduct of Research. After 
this period, all hard copies of data will be shredded and destroyed, and all data files will 
be permanently deleted. 
Data will be de-identified prior to data analysis thereby preserving the privacy of all 
participants. Data will be collated into group findings for publication. 
The information will be stored in an archive room based at Barwon Health. This is a 
secure facility with limited access to staff members. Electronic data will be stored in 
databases password protected and accessible only to research staff. 
9. Can I access research information kept about me?
In accordance with relevant Australian and/or Victorian privacy and other relevant laws, 
you have the right to access the information collected and stored by the researchers 
about you. Please contact one of the researchers named at the end of this document if 
you would like to access your information. 
In addition, in accordance with regulatory guidelines, the information collected in this 
research project will be kept for a minimum of 7 years. Access to information about you 
after this point will not be possible. 
10. Is this research project approved?
This study has been approved by the Human Research Ethics Committee, Barwon Health. 
This project will be carried out according to the National Statement on Ethical Conduct in 
Human Research (2007) produced by the National Health and Medical Research Council 
PICF, 1510 assessment, Version 1E, Date: 23 Aug 2013  Page 4 of 5 
of Australia. This statement has been developed to protect the interests of people who 
agree to participate in human research studies. 
11. Whom can I contact?
If you want any further information concerning this project, please contact the Principal 
Investigator, Professor Julie Pasco on (03) 42153331 or the research centre on (03) 
42153333. 
If you have any complaints about any aspect of this project, please contact Bernice 
Davies, RGO/HREC Barwon Health Research Office, (03) 42153372 or The Manager, 
Office of Research Integrity, Deakin University, (03) 92517129. 
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CONSENT FORM 
92/01 E7 and 00/56_E2: Geelong Osteoporosis Study: Fracture risk prediction based on 
twenty years of prospective data. 
Principal Researcher(s): 
Julie A Pasco, Geoff C Nicholson, Mark A Kotowicz, Michael Berk 
I have read, or have had read to me in my first language, and I understand the 
Participant Information and Informed Consent Form Version 1E, Date: 23 Aug 2013. 
The researcher has agreed not to reveal my identity and personal details if information 
about this project is published or presented in any public form. 
I freely agree / do not agree (strike out non-applicable) to participate in this project 
according to the conditions in the Participant Information and Informed Consent Form. 
I freely agree / do not agree (strike out non-applicable) to answer questions to 
determine the presence of psychiatric disorders. 
I freely agree / do not agree (strike out non-applicable) to allow members of the 
Geelong Osteoporosis Study research team access to my medical records. 
I freely agree / do not agree (strike out non-applicable) to allow members of the 
Geelong Osteoporosis Study research team access to my Medicare records. 
I freely agree / do not agree (strike out non-applicable) to transfer ownership of my 
questionnaire and clinical data to the Geelong Osteoporosis Study research team. 
I freely agree / do not agree (strike out non-applicable) to allow transfer of my de-
identified questionnaire and clinical data to collaborators. 
I freely agree / do not agree (strike out non-applicable) to allow transfer of my de-
identified questionnaire and clinical data to commercial partners. 
Participant’s Name (printed) …………………………………………………… 
Signature Date 
Declaration by researcher: I have given a verbal explanation of the research project, its 
procedures and risks and I believe that the participant has understood that explanation. 
Researcher’s name (printed) …………………………………………………… 
Signature Date 
Note: All parties signing the consent section must date their own signature. 
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Participant Information and Consent Form 
Full Project Title: 01/43_E2 Maternal vitamin D in pregnancy and childhood 
growth 
Principal Investigators: Prof Julie A Pasco and Prof John D Wark 
Associate Investigators: Dr Sharon L Brennan, Dr Peter Vuillermin, and Dr 
Lana Williams 
1. Introduction
You and your child are invited to take part in this research project, which is an 
extension of the Vitamin D in Pregnancy Study, for which you have previously 
consented. 
This Participant Information and Consent Form contain detailed information 
about this research project. Its purpose is to explain to you as openly and clearly 
as possible all the procedures involved in this project before you decide whether 
or not you and your child will take part in it. 
Please read this Participant Information and Consent Form carefully. Feel free to 
ask questions about any information in this form. 
Once you understand what the project is about and if you agree to take part in 
it, you will be asked to sign the Consent Form. By signing the Consent Form you 
indicate that you understand the information and that you give your consent to 
you and your child participating in the research project. You will be given a copy 
of the Participant Information and Consent Form to keep as a record. 
2. What is the purpose of this research project?
This study is designed to provide information about maternal vitamin D levels 
during pregnancy and growth and wellbeing in the offspring at ages between 9 
and 11 years. In this study we will determine the following in the mother-child 
pairs: 
x bone and muscle development
x body shape, size and composition
x wheeze and lung function (child only)
x behavior
x physical and psychological symptoms/illnesses.
Approximately 400 child-mother pairs will participate in this phase of the project. 
MATERNAL VITAMIN D IN PREGNANCY 
AND CHILDHOOD GROWTH STUDY
Epi-UMMD
School of Medicine, Deakin University
PO BOX 281, GEELONG, VIC 3220
TELEPHONE (+61 3) 421 53333/3331
FACSIMILE: (+61 3) 421 53491
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3. What does participation in this research project involve?
The child-mother participation in this project will involve completion of 
questionnaires and clinical measurements as follows: 
x questionnaires will seek information concerning the child’s diet, physical
activity, bone fractures, wheezing illnesses, food allergies, skin rash,
immunisations, sun exposure, medication and supplement use, behaviour,
physical and psychological symptoms/illnesses
x the child will self-rate physical maturity by matching the appearance of their
bodies to Tanner charts
x a clinical assessment will include measurement of the child’s blood pressure,
height, weight, circumference (waist, hip, head, limb), skinfold thicknesses,
naevi (mole) counts, eczema
x the child’s muscle strength will be measured by grasping a hand-held meter
(hand strength), resisting pressure on the legs using a manual muscle tester,
and by asking them to complete some jumping and balance tests using a
special plate on the floor (Ground Reaction Force Platform)
x a scan will be which measures the child’s bone mass in the spine, hip,
forearm and total body to measure the calcium content of the bones, and the
amount of fat and lean tissue in your child’s body, using a dual energy x-ray
densitometer. The painless procedure takes approximately half an hour while
your child is lying on an x-ray table
x a more detailed scan which will measure your child’s bone structure in the
lower leg and forearm, and the size and mass of muscles, using peripheral
quantitative computed tomography (pQCT). This is a painless procedure
performed while your child is lying on an x-ray table. The pQCT scans and
use of the Ground Reaction Force Platform will be performed at the Royal
Melbourne Hospital, in Melbourne. This is the only part of the project not
conducted at Barwon Health in Geelong. This part of the project is optional,
should you and your child not wish to travel to Melbourne. Travel expenses
from Geelong to Melbourne (return) will be available upon request.
x an ultrasound measurement for both yourself and your child at the heel.
During this procedure your child will be required to place one foot in the
ultrasound machine for a few minutes
x a lung function test which involves your child breathing into a device that can
measure the amount of gas they are able to breathe out in one second
x mother’s diet, mental health and measured weight, height and waist
circumference.
Data from this study may be used as reference data to identify risk factors for 
other diseases. Parts of this study may also be used for the purposes of 
obtaining an academic qualification. In the event that we establish collaborations 
(partnerships) with other researchers and/or commercial partners, your child’s 
and your information may be used for further research into health disorders. For 
such partnerships to work, it is important that you assign ownership of all the 
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information to the research team. If you wish, you may decline to have the 
information used by collaborators. 
4. What are the possible benefits?
We cannot guarantee or promise that you will receive any benefits from this 
project but the information from the study may benefit people in the future. 
5. What are the possible risks?
As part of your inclusion in this research the child will undergo DXA and pQCT 
scans that he/she would not normally receive and is therefore considered to be 
in addition to standard care. These DXA, pQCT and x-rays of your child’s body 
involve exposure to a very small amount of radiation. As part of everyday living, 
everyone is exposed to naturally occurring background radiation and receives a 
dose of about 2 millisieverts (mSv) each year. The effective dose from all these 
x-rays is about 0.032 mSv. At this dose level, no harmful effects of radiation
have been demonstrated, as any effect is too small to measure. The risk is
believed to be minimal. As your child is under the age of 18 years, you (or your
child) should inform us of any other studies that he/she has participated in that
involves the use of radiation. The ultrasound measurement is a rapid, painless
procedure, not involving x-rays. The lung function test is neither painful nor
distressful. The use of the Ground Reaction Force Platform is neither painful nor
distressful, and does not involve any radiation.
6. Do I and my child have to take part in this research project?
Participation in this research project is voluntary. If you do not wish your child to 
take part, he/she does not have to. Similarly, if you, as a parent do not wish to 
take part, you do not have to. If you and/or your child decide to take part and 
later change your mind, you are free to withdraw from the project at a later 
stage. If you decide that your child will leave the project, the researchers would 
like to keep the personal and/or health information about you and your child that 
has been collected. This is to help make sure that the results of the research are 
accurate. Similarly, if your child provides body scans as part of this project, the 
researchers would like to retain these. However, if you do not wish for your 
child’s and your information to be retained, you must tell a researcher before 
withdrawing from the project. Your decision whether your child will take part or 
not, or to take part and then withdraw, will not affect your child’s or your routine 
treatment, your or your child’s relationship with those treating you or your and 
your child’s relationship with Barwon Health or Deakin University. 
Before deciding whether or not to take part, you may wish to discuss the project 
with a relative or friend or your local health worker, and also with your child. 
Similarly, before you make your decision, a member of the research team will be 
available so that you can ask any questions you or your child may have about 
the research project. Once you feel confident that you have all the required 
information, you may then sign the Consent Form. 
7. How will I be informed of the final results of this research project?
Periodically you will be sent newsletters summarising research findings and 
informing you of the progress of the project. Bone mineral density (DXA) results 
will be routinely sent to you and your doctor if you request it. 
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8. What will happen to information about me and my child?
Any information obtained in connection with this research project that can 
identify you or your child will remain confidential and will only be used for the 
purpose of this research project. Use of any information obtained in connection 
with this research project for future studies can only be used upon further 
approval from the Human Research Ethics Committee. The information will be 
retained for a minimum of 7 years after the completion of the study, in 
accordance with the Australian Code for the Responsible Conduct of Research 
(2007). After this period, all hard copies of data will be shredded and destroyed, 
and all data files will be permanently deleted. 
Data will be de-identified prior to data analysis thereby preserving the privacy of 
all participants. Data will be collated into group findings for publication and at no 
time will any individual be identifiable. 
The information will be stored in a locked archive room based at Barwon Health. 
This is a secure facility with limited access to staff members. Electronic data will 
be stored in databases password protected and accessible only to research staff. 
9. Can I access research information kept about me and my child?
In accordance with relevant Australian and/or Victorian privacy and other 
relevant laws, you have the right to access the information collected and stored 
by the researchers about you and your child. Please contact one of the 
researchers named at the end of this document if you would like to access your 
information. 
In addition, in accordance with regulatory guidelines, the information collected in 
this research project will be kept for a minimum of 7 years. Access to 
information about you and your child after this point will not be possible. 
10. Is this research project approved?
This study has been approved by the Human Research Ethics Committee, 
Barwon Health. This project will be carried out according to the National 
Statement on Ethical Conduct in Human Research (2007) produced by the 
National Health and Medical Research Council of Australia. This statement has 
been developed to protect the interests of people who agree to participate in 
human research studies. 
11. Whom can I contact?
If you want any further information concerning this project, please contact the 
Principal Investigator, Professor Julie Pasco on (03) 4215 3331 or the research 
centre on (03) 4215 3333. 
If you have any complaints about any aspect of this project, please contact 
Bernice Davies, RGO/HREC Manager, (03) 4215 3372 or The Manager, Office of 
Research Integrity, Deakin University, (03) 9251 7129. 
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CONSENT FORM 
01/43_E2: Maternal vitamin D in pregnancy and childhood growth. 
Principal and Associate Researcher(s): 
Julie A Pasco, John D Wark, Sharon L Brennan, Peter Vuillermin, Lana J 
Williams 
I have read, or have had read to me in my first language, and I understand the 
Participant Information and Informed Consent Form Version 1C, Date: 5 Feb 2013. 
The researcher has agreed not to reveal my child’s or my identity and personal details if 
information about this project is published or presented in any public form. 
I freely agree/do not agree (strike out non-applicable) to my and my child’s 
participation in this project according to the conditions in the Participant Information and 
Informed Consent Form. 
I freely agree/do not agree (strike out non-applicable) to answer questions to 
determine the presence of psychological symptoms/disorders. 
I freely agree/do not agree (strike out non-applicable) to allow members of the 
research team access to my and my child’s medical records. 
I freely agree/do not agree (strike out non-applicable) to transfer ownership of my 
and my child’s questionnaire and clinical data to the research team. 
I freely agree/do not agree (strike out non-applicable) to allow transfer of my and my 
child’s de-identified questionnaire and clinical data to collaborators. 
I freely agree/do not agree (strike out non-applicable) to allow transfer of my and my 
child’s de-identified questionnaire and clinical data to commercial partners. 
I freely agree/do not agree (strike out non-applicable) to agree to be contacted in the 
future if there is a further follow-up study. 
Parent/Guardian Name (printed) …………………………………………………… 
Signature Date 
Declaration by researcher: I have given a verbal explanation of the research project, its 
procedures and risks and I believe that the participant has understood that explanation. 
Researcher’s name (printed) …………………………………………………… 
Signature Date 
Note: All parties signing the consent section must date their own signature. 
Assent (optional) 
Child’s Name (printed) …………………………………………………… 
Signature Date 






